Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


ASTRONOMY. 


CHAMBERS. 


I. 
THE  SITN,  PLANETS,  AND  COMETS. 


a  2 


HENRY    FROWDE 


OxF0U>  UNiviRstTV  Press  Warbkouss 
Amrn  Corner,  E.C. 


A  HANDBOOK 

OF 

'DESCEIPTIVE  AND  PRACTICAL 
ASTRONOMY. 

BY 

GEORGE  F.  CHAMBERS,  F.R.A.S., 


■"A  , 

Ptael, 

leal  aad  Cinvn 

nadoniiJ  £>i^ijl>,  ^nvA. 

«n^a«: 

■■n<: 

mirt, 

rCf  PiPdKr-B«) 

\!"  "A   Digul  «S  l>«  l^-' 

OtaUk 

,-  -A   Di^l 

0}  Uu  La<c  rttalinii  lo  Put 

and  olhtr  Worki. 

...d. 

d«t<. 

«  th.  Klorj-  Di 

■  God  :  and  die  flmultDeal 

.b»,U, 

THE   STJII,   PLAITETS,    AND   COMETS. 
FOUSTH    EDITION. 


AT   THE    CLARENDON    PRESS. 


I  All  rishit  rtMrffd.J 


/\f'¥^/ 


THIS    ITSX  Si=  2SS     •      -»■-•      if^^    - 


PREFACE  TO  THE  FOURTH  EDITION. 


-♦♦- 


nnHE  remarks  which  appear  in  the  Preface  to  the  Third  Edition 
(see  poii)  apply  almost  word  for  word,  so  far  as  they  go,  to 
the  Fourth  Edition.  Tet  it  is  necessary  for  me  to  write  an  in- 
dependent  Preface  in  order  to  call  attention  to  the  altered 
circumstances  under  which  'this  work  is  now  presented  to  the 
reader.  If  the  development  of  Astronomy  between  1867  and 
1877  was  great,  its  development  between  1877  and  1889  has 
been  still  greater.  And  besides  this,  there  were  important  omis- 
sions in  the  ground-plan  of  the  book  which  I  have  long  been 
very  desirous  of  making  good,  whenever  time  or  opportunity 
became  available. 

The  last  edition  having  reached  to  nearly  1000  pages  it 
became  quite  clear  that  the  now  necessary  additions  would  have 
swelled  the  work  to  a  bulk  and  consequent  price  which  probably 
the  Public  would  not  have  regarded  with  favour.  Accordingly 
when  its  division  into  two  volumes  became  a  necessity,  I  deter- 
mined  to  make  the  two  into  three,  and  to  complete  the  under- 
taking as  originally  conceived  twenty-nine  years  ago. 

The   work  will  therefore   henceforth  be  published  in  three 
divisions  as  follows  :-^ 

I.  The  Sun,  Planets,  and  Comets. 
II.  Instruments  and  Practical  Astronomy. 
IIL  The  Starry  Heavens. 
It  is  intended  that  each  volume  shall  be  paged,  indexed,  and 
sold  separately. 
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This  arrangement,  whilst  it  will  be  financially  more  acceptable 
to  the  Public,  will  probably  permit  in  after-years  of  new  editions 
being  brought  out  at  lesser  intervals  of  time  than  has  hitherto 
been  possible. 

Subject  to  the  above  explanations,  it  may  be  further  stated 
that  the  whole  work  has  been  revised  everywhere,  and  enlarged 
and  rearranged  wherever  alterations  seemed  necessary  or  ex- 
pedient. 

A  very  large  number  of  additional  engravings  have  been 
prepared,  and  the  list  now  includes  a  certain  number  selected 
from  the  various  publications  of  the  late  Admiral  fT,  H,  Smyth, 
My  grateful  thanks  are  due  to  the  surviving  representatives  of 
the  lamented  Admii'al  for  their  great  kindness  and  liberality  in 
regard  to  these  engravings  and  other  literary  materials  which 
they  have  placed  at  my  disposal.  Nor  must  I  omit,  in  referring 
to  engravings,  to  mention  the  kind  help  which  I  have  received 
from  the  Secretaries  of  the  Royal  Astronomical  Society,  the 
Editor  of  the  Observatory ^  and  M.  Gauthier  Filiars  of  Paris. 

The  Second  Volume  will  it  is  hoped  be  published  in  the 
Autumn  of  1889,  <^^  ^^^  Third  Volume  in  1890. 

I  have  been  glad  to  avail  myself  of  the  kind  assistance  of 
several  astronomical  friends  in  passing  this  volume  through  the 
press.  To  Mr.  A,  C.  Ranyard^  Mr.  F.  C.  Penrose,  and  Mr.  W.  F, 
Denning  especial  thanks  are  due  for  particular  chapters  which 
are  duly  noted  as  they  occur  ;  whilst  the  whole  volume  has  been 
read  for  press  by  the  Rev.  /.  B.  Fletcher,  M.A.,  of  Trinity  College, 
Dublin,  and  Vicar  of  All  Souls,  East-Bourne,  and  by  Mr.  W,  T,  Lynn, 
who  has  also  made  himselfresponsible  for  §11  calculations  depend- 
ing on  the  new  value  of  the  Sun's  parallax.  It  may  be  added  that 
this  has  been  taken  at  8*80",  as  probably  a  very  close  approxi- 
mation to  the  truth. 

It  is  now  twenty-seven  years  since  the  first  edition  of  this 
work  was  oflered  to  the  public,  and  from  that  time  (December 
1 861)  to  the  pi'esent  it  has   been,  seemingly,  a  popular  and 
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appreciated  book  both  in  England  aiid  America,  maintaining 
a  steady  sale  from  year  to  year.  I  am  duly  grateful  for  this, 
the  more  so  as  twenty-seven  years  ago  I  was  a  very  young 
Author,  ndth  no  reason  to  anticipate  such  a  measure  of  success, 
and  nothing  to  back  me  up  in  obtaining  it. 

During  this  intei-\'al   of  more  than  a  quarter  of  a  century 
many  things  have  happened  in  the  World  of  Science,  of  which 
Astronomy  is  only  one  tiehl.     Many  new  and  wholly  unlooked- 
for  discoveries  have  been  made :    new  methods  and   processes 
I  liave  been  introduced.     Photography  and  Spectroscopy  in  their 
Astronomical  applications  may  be  said  to  be  wholly  the  creatures 
of  the  period  above  named.      New  instruments  have  been  in- 
vented, and  the  manufacture  of  old  ones  has  been  enormously 
I  developed.     In   i860  the    12-inch   refractor   of  the   Greenwich 
Observatory  was  brought  into  use  and  was  regarded  aa  a  grand 
advance.     Now  i2-inche9  counts  for  almost  nothing  in  the  race 
between  different  nations  and  different  makere  to  obtain  tele- 
.  scopes  of  large  size  for  the  exploration  of  the  Heavens. 

Looking  back  on  these  years,  the  question  forces  itself  upon 
I  our  notice ;  '  Where  aie  we  now,  in  the  effort  to  discover  First 
'  Causes  1 '  And  the  answer  is :  '  Very  much  where  we  were  a 
quarter  of  a  century  ago.'  Tlie  Theory  of  Evolution  may  be  true 
I  or  it  may  be  false,  but,  be  it  one  or  the  other,  I  agree  very  much 
i  with  Professor  Mivart,  (who  l>elieves  it,)  when  he  says :  "  There  is 
I  no  necessary  antagonism  between  the  Christian  Revelation  and 
I  Evolution."  Evolution  is  "an  attempt  to  guess  at  a  process; 
I  it  does  not  touch  the  Author  of  that  process,  and  never  will." 

©.  jr.  C. 

NoBTBnELD  Gbasoe, 

East-Bournk,  Sisskx  ; 
Janr,  1889. 
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(EXTRACT.) 

ADVANTAGE  has  been  taken  of  the  call  for  a  new  edition 
-^^  of  this  work  to  subject  the  whole,  from  the  firet  page  to 
the  last,  to  a  searching  revision.  This  has  proved  to  be  a  task 
of  unusual  difficulty  and  labour,  in  consequence  of  the  astonishing 
developement  which  has  taken  place  in  the  science  of  Astronomy 
during  the  last  ten  years.  And  moreover  the  demands  on  my 
time  made  by  professional  work  have  of  late  been  such  as  to 
render  it  very  difficult  for  me  to  give  to  Astronomical  Studies 
that  close  attention  which  is  indispensable  if  the  author  of  an 
Astronomical  Book  would  keep  his  pages  up  to  date  and  so 
do  justice  ieJike  to  himself  and  his  readers.  It  is  not  open  to 
doubt  that  this  is  a  matter  which  sits  very  lightly  upon  the  con- 
sciences  of  some  writers  of  Text-books.  There  is  scarcely  a 
single  page  which  has  not  been,  to  a  greater  or  less  extent, 
dressed  up,  or  in  some  way  amended,  with  the  object  of  making 
its  statements  more  accurate  in  substance  or  intelligible  in 
diction. 

I  have  to  acknowledge  a  great  amount  of  very  useful  advice 
and  assistance  from  observers  in  all  parts  of  the  world,  most 
of  them  total  strangers  to  me,  many  of  them  being  persons  I 
had  never  heard  of  until  the  receipt  of  their  letters.  Indeed, 
the  letters  that  I  have  received,  especially  from  the  United  States 
of  America,  have  been  a  very  gratifying  encouragement  to  me  to 
persevere  in  improving  this  work  in  every  possible  way. 

®.  if-  €. 

Deeember,  1876. 


PREFACE  TO  THE  SECOND  EDITION. 

EXTRACT.) 

ASTRONOMY  is  not  cultivated  in  this  country,  either  as  a 
-^^  study  or  as  a  recreation,  to  the  extent  that  it  is  on  the 
Continent  of  Europe  and  in  America.  And  there  is  a  lack  of 
works  in  the  English  language  which  are  at  one  and  the  same 
time  attractive  to  the  general  reader,  serviceable  to  the  student, 
and  handy,  for  purposes  of  reference,  to  the  professional  Astrono- 
mer ;  in  fact,  of  works  which  are  popular  without  being  vapid, 
and  scientific  without  being  unduly  technical. 

The  foregoing  observations  will  serve  to  indicate  why  this 
book  has  been  written.  Its  aim,  curtly  expressed,  is,  general 
usefulness. 

Preferring  facts  to  fancies,  I  have  endeavoured  to  avoid  all 
those  mischievous  speculations  on  matters  belonging  to  the 
domain  of  Recondite  Wisdom,  which  have  within  the  last  few 
years  borne  such  pernicious  yet  natural  fruits. 

In  regard  to  the  matter  of  bringing  up  to  date,  it  is  believed 
that  the  present  volume  will  compare  favourably  with  any  of 
its  contemporaries. 

®-  JF-  €. 

March,  1867. 


PREFACE  TO  THE  FIRST  EDITION. 

{EXTRACT.) 

ENGLISH  literature,  abundant  though  it  may  be  in  other 
respects,  is  undoubtedly  very  deficient  in  works  on  Astro- 
nomy. Our  choice  is  limited  either  to  purely  elementary  books, 
few  in  number,  on  the  one  hand ;  or  to  advanced  treatises,  of 
which  there  is  a  similar  paucity,  on  the  other.  The  present 
work  is  designed  to  occupy  a  middle  position  between  these  two 
classes:  to  be  attractive  to  the  general  reader,  useful  to  the 
amateur,  and  '  handy '  also,  as  an  occasional  book  of  reference, 
to  the  professional  astronomer. 

In  pursuance  of  the  plan  laid  down  from  the  first,  theoretical 
matter  is,  as  a  rule,  excluded ;  but  in  many  cases  it  has  been 
thought  desirable  not  to  abide  with  perfect  strictness  by  this 

limitation. 

Finally,  it  is  hoped  that  this  book  may  be  the  means  of  in- 
ducing some,  at  least,  to  interest  themselves  in  the  study  of  that 
noble  Science,  which  in  so  conclusive  a  manner  shows  forth  the 
wonderful  Wisdom,  Power,  and  Beneficence  of  the  Great  Creator 
and  Omnipotent  Ruler  of  the  Univeise. 

^.    if-    €. 

East-Boubne,  Sussex  : 
Augusty  1861. 
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3,  note  e.  Add : — A  further  description  of  the  principle  of  the  method 
will  be  found  in  Challis's  Lectures  on  Fr(ictieal  Astronomy ^ 
p.  301. 

16,  Fig.  7.     The  dotted  lines  on  these  4  discs  have  been  somewhat 

exaggerated.  The  curves  should  neither  be  quite  so  sharp,  nor 
the  inclination  of  the  straight  lines  quite  so  great,  as  the'engraver 
has  made  them. 

1 7,  line  18.    A  good  descnption  of  the  details  of  the  structure  of  a  sun- 

spot  is  given  by  Janssen  {Comptes  RenduSy  vol.  cii.  p.  80.  1886). 
56,  line  3,  far  "  Eastern  "  read  "  Western." 
„    line  5,  for  "  Western  "  read  "  Eastern." 
„    line   6,  far  "motion"  read  "the  apparent  motion  of  revolution 

round  the  Sun." 
68,  line  15, /or  "appendix"  read  "Book  VI." 
78,  line  15.     For  o«i32'  read  0*1 32. 
126.     In  connection  with  Sir  W.  Herschel's  supposition  that  he  had  seen 
a  volcano  in  action,  on  the  Moon,  attention  may  be  called  to  some 
remarks  by  Prof.  Holden  in  The  Observatory,  vol.  xi.  p.  334, 
Sept.  1888. 
165,  line  8.    The  minor  planet  Thide  (279)  is  now  the  most  distant  one 
known. 
„    line  16 f  far  "Massalia"  read  "  Massilia." 
186,  line  8.     Add: — Lord  Stratford  De  Bedclifie  relates  that  on  his 
voyage  to  America  in  September  1820  one  night  "  at  anchor  on 
board  ship  I  had  occasion  to  observe  the  wonderful  clearness  of 
the  atmosphere.     From  the  SpartarCs  deck   I   saw  with   my 
naked  eye  the  satellites  of  Jupiter."     {Life  of  Stratfard  Canning, 
vol.  i.  p.  299,  Lond.  1889.) 
189,  note  f.     Add : — Some  useful  information  relating  to  the  physical 
features  of  Jupiter's  satellites  will  be  found  in  E.  Engelmann's 
Tiber  die  IleUigkeitsverhdltnisse  der  Jvpiterstralanten,     Leipzig, 
1871. 
200,  line  5  of  Chapter  Contents,  fen-  "  the  brothers  Ball "  read  "Cassini." 
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333.  For  an  aoeonnt  of  some  cnriouBlj  myBterions  circumstances  con- 
nected with  ihe  discovery  of  the  satellite  Titan  see  a  letter  by 
Lynn  in  The  ObservaUny,  yol.  zi.  p.  338,  Sepi  1888,  and  other 
letters  in  the  numbers  of  that  Magazine  for  March  and  April 
1889. 

250.    NeweomVs  mass  of  Uranus  is  Trhru* 

259.    NeFComb's  mass  of  Neptune  is  it^q* 

320.  The  Total  Edipee  of  ike  Sun  of  Jan.  i,  1889  was  successfully 
obeerred  in  America.  Professor  Pickering  noticed  the  corona  to 
be  longer  and  more  irregular  in  its  shape  than  usual,  and  that 
it  exhibited  great  detail  in  its  filaments. 

367.  mth  regard  to  Wicklow  Head,  there  is  another  reason  why  the 
rise  and  fall  of  the  tide  there  is  so  small.  That  Head  is  only 
about  22  miles  N.  of  Courtown,  where  the  tide  waves  entering 
the  Irish  8ea  by  the  South  and  by  the  North  of  Ireland  nearly 
cancel  each  other.  At  Courtown  the  range  of  the  tide  is  only 
18  inches,  and  that  place  is  at  the  head  of  a  &ay,  though  a  wide 
and  shallow  one. 

375,  line  16,  dele  "periodical." 

376,  lines  8  and  10,  for  **  ecliptic  "  read  "  zodiac." 

377,  line  10  from  bottom,  read  Arist«llu8. 

„     line  3  from  bottom,  for  "  effect  of  "  read  '*  solar." 
385,  line  14,  after  *' these"  insert  "latter." 


THE  GKEEK  ALPHABET, 

%*  The  small  letters  of  this  alphabet  are  so  frequently 
employed  in  Astronomy  that  a  tabular  view  of  them,  together 
with  their  pronunciation,  will  be  useful  to  many  unacquainted 
with  the  Greek  language. 


a  Alpha. 

I'  Nu. 

/S  Beta- 

i  Xi. 

y  Gamma. 

0  0-mIcron. 

8  DelU. 

ttPL 

€  Epsilon. 

p  Bho. 

C  Zeta. 

or  Sigma. 

17  Eta. 

r  Tau. 

6  Theta. 

V  Upsilon. 

I  Iota. 

0  Phi. 

K  Kappa. 

xChi. 

X  Tiambda. 

f  Psi. 

M  Mu. 

0)  0-mega. 
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THE  SUN.     O 


^*  O  ye  San  and  Moon,  bless  ye  the  Lord  :  praise  Him,  and  magnify 

Him  for  ever." — Benedieite. 


Axtronomxeal  imporianee  of  the  Sun. — Solar  parallax. —  T*he  meant  of  determining 
it. — By  obtervatione  of  Man. — By  Traneite  of  Venue. — Numerical  data, — Light 
and  Heat  of  the  Sun. — Gravity  at  the  Sune  eurface. — Spots. — Deitciiption  of  their 
appearance. — So«>  dietributed. —  Their  duration. — Period  of  the  Sun^s  Rota- 
tion.— Effect  of  the  varying  position  of  the  Earth  tcith  retpect  to  the  Sun. — 
Their  size, — Instancet  of  large  Spote  visible  to  the  nfiked  eye. — The  Great  Spot 
of  October  1865. — Their  periodicity. — Dincotered  by  Schwabe, — Table  of  hie 
result*. —  Table  of  Wolf*  results. — Curiots  connexion  between  the  period' city  of 
mn^pote  and  that  of  other  physical  phenomena. —  The  Diurnal  variation  of  the 
Majnetie  Needle. — Singular  occurrence  in  September  1 8-;9. —  Wolf's  researches. — 
Spotn  ami  Terrestrial  TemperntHres  and  Weather.—  Ballofs  inquiry  info  Ter- 
restrial Temiyeratnres. —  The  Physical  Nat 'tre  of  Spots. —  Hie  Wihon-Hersrhel 
Theory. — Luminosity  of  the  Sun. — Historical  Notices. — Scheiner. — Facula. — 
Luculi. — NasmytKs  observations  on  the  character  of  the  Suns  Surface. — 
Htigginsi  conclusions. — Present  state  of  our  knowledge  of  the  Suns  constitu- 
tion.—  TacchinVs  conclusions. 

IF  there  is  one  celestial  object  more  than  another  which  may 
be  regarded  as  occup3ing  the  foremost  place  in  the  mind  of 
the  astronomer,  it  is  the  Sun:  for,  speaking  genei-ally,  there 
is  scarcely  any  branch  of  astronomical  inquiry  with  which, 
directly  or  indirectly,  the  Sun  is  not  in  some  way  associated. 
It  will  be  only  appropriate  therefore  to  deal  with  this  important 
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body  at  the  very  commencement  of  a  treatise  on  Descriptive 
Astronomy* 

By  common  consent,  the  mean  distance  of  the  centre  of  the 
Earth  from  the  centre  of  the  Sun  is  taken  as  the  chief  unit  of 
astronomical  measurement. 

The  most  approved  method  of  determining  the  value  of  this 
was  at  one  time  believed  to  be  by  the  aid  of  observations  of 
transits  of  the  planet  Venus  across  the  Sun*^  (as  was  first  pointed 
out  by  Halley).  The  problem  is,  for  various  reasons,  an 
intricate  one  in  practice,  but  when  solved  places  us  in  possession 
of  the  amount  of  the  Sun's  equatorial  horizontal  parallax ;  in  other 
words,  gives  us  the  angular  measure  of  the  Earth  s  equatorial 
semi-diameter  as  seen  from  the  Sun's  centre,  the  Earth  being  at 
its  mean  distance  from  the  Sun.  With  this  element  given,  it 
is  not  difficult  to  determine,  by  trigonometry,  the  Sun's  distance, 
expressed  in  radii  of  the  Earth ;  reducible  thereafter  to  miles. 

Encke,  of  Berlin,  executed  an  able  discussion  of  the  observations 
of  the  transits  of  Venus  in  1761  and  1769,  and  deduced  8-571"  as 
the  amount  of  the  angle  in  question®.  From  this  it  was  found 
that  the  mean  distance  of  the  Earth  from  the  Sun  is  24065*1 
times  the  equatoiial  radius  of  the  former  (3963  miles),  equal 
to  95,37o,cx)o  miles;*  but  these  results,  excellent  as  they  were 
once  thought  to  be,  have  long  ceased  to  command  the  acceptance 
of  astronomers,  the  fact  being  that  modem  experience  has  dis- 
credited Halley 's  method. 

At  a  meeting  of  the  Royal  Astronomical  Society,  on  May  8, 
1857,  Sir  G.  B.  Airy  proposed  to  adopt  a  suggestion  of  Flam- 
steed's^  for  determining  the  absolute  dimensions  of  the  solar 
system,  founded  upon  observations  of  the  displacement  of  Mars 
in  Right  Ascension,  when  it  is  far  E.  of  the  meridian  and  far 
W.  of  the  meridian,  as  seen  from  a  single  observatory;   such 

*  Every  one  who  wishes  thoroughly  ^  See  Book  II.  post. 

to  "get  up"  the  Sun  should  read  Young's  '^  Der     VenunLurchgang    von     1769, 

i^ifii.   Secchi*s  magnificent  work  Z>  iS^o^7,  p.  loS.   Gotha,  1824.    Followed  by  later 

of  which  a  second  and  much  enlarged  and  better  results  in  the  Berlin  Ahkand- 

edition  was  published  in  1875,  must  not  lungen  for  1835,  P*  ^95* 

be  forgotten.  ^   Baily,  Life  of  Flamtteed,^,  3a. 
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observations  to  commence  a  fortnight  before  and  to  terminate 
s  fortnight  after  the  Opposition  of  the  planet.  In  consequence 
of  the  great  eccentricity  of  the  orbit  of  Mars,  this  method  is  only 
applicable  to  those  Oppositions  during  which  the  planet  is  nearly 
at  its  least  possible  distance  from  the  Eartli.  Airy  pointed  out 
the  several  advantages  of  this  method,  viz. : — that  Mara  may 
then  be  compared  with  stars  throughout  the  night ;  that  it 
has  2  observable  limbs,  both  admitting  of  good  observation ;  that 
it  remains  long  in  proximity  to  the  Earth;  and  that  the  nearer 
it  is,  the  more  extended  are  the  houre  of  observation;  in  all  of 
which  matters  Mars  offers  advantages  over  Venus  for  observations 
of  displacement  in  Right  Ascension.  Airy  also  entered  into 
some  considerations  relative  to  certain  of  the  forthcoming 
Oppositions, and  named  those  of  i860, 1862, and  iH77,as  favour- 
able for  determining  the  parallax  in  the  manner  he  suggested'. 

Le  Terrier  announced  in  1861  ^  that  he  could  only  reconcile 
discrepancies  in  the  theories  of  Venus,  the  Earth,  and  Mars,  by 
assuming  the  value  of  the  solar  parallax  to  be  much  greater  than 
Encke's  value  of  X-571".  He  fixed  8'95"  as  its  probable  value, 
though,  as  Stone  pointed  out,  this  conclusion  taken  by  itself 
rests  on  a  not  very  solid  foundation  ^.  1 

The  importance  of  a  re-detennination  was  thus  rendered  more  , 
and  more  obvious,  and  Ellery,  of  Williamstown,  Victoria,  s 
ceeded  in  obtaining  a  fine  series  of  meridian  observations  of 
Mais,  at  its  Opposition  in  the  autumn  of  1862,  whilst  a  corre- 
sponding series  was  made  at  the  Royal  Observatory,  Greenwich. 
These  were  reduced  by  Stone,  and  the  mean  result"  was  a  value 
of  8-932"  for  the  solar  parallax,  with  a  probable  error  of  only 
0-032".  This  result  was  singularly  in  accord  with  Le  Venier's 
theoreUcal  deduction.  Winnecke's  comparison  of  the  Puikova 
and  Cape  observations  of  Mars  yielded  8-964". 


•  JTonfJ.  Xol.,  vol.  Kvii.,  [)p.  JoS-ai. 
MkJ,  1SJ7.  Snme  pncticftl  hinU  on  the 
eondnet  of  Dbcerv&tioni  »it  given  b;  A 
H»U  in  Jtt.  Soi/,.,  loLIiiriii..  No.  i6j,i. 

ji.  16,  iSfi;. 

'  Janolo  df  rOhirrraloiri-  Impfrinl. 


X  .Afonfl,  VD/.,ifol.xiiii.,p.iS£,  April    , 
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The  Opposition  of  1877  was  observed  under  favourable  circum- 
stances by  Gill  at  the  Island  of  Ascension,  and  his  observations 
yielded  as  their  dnal  result  a  parallax  of  8*78",  with  a  probable 
error  of  0*01 2'^  This  implies  a  mean  distance  of  the  Earth  from 
the  Sun  of  93,080,000  miles*. 

Thus,  though  there  may  be  some  uncertainty  in  the  amount  of 
the  correction,  there  is  no  doubt  that  the  Sun  is  nearer  than  was 
formerly  considered  to  be  the  case. 

The  distance  amended  to  accord  with  a  parallax  of  8-8^^  is 
about  92,890,000  miles,  with  an  error  not  likely  much  to  exceed 
150  000  miles'^. 

Hansen  contributed  something  towards  the  elucidation  of  the 
matter.  As  far  back  as  1854  that  distinguished  mathematician 
expressed  his  belief  that  the  received  value  of  the  solar  parallax 
was  too  small,  and  in  1 863  he  communicated  to  Sir  G.  6.  Airy 
a  new  evaluation,  derived  from  his  Lunar  theory  by  the  agency 
of  the  co-efficient  of  the  parallactic  inequality.  The  result  was 
8-9159'',  a  quantity  fairly  in  accord  with  the  other  values  set 
forth  above  ^ 

Such  is  a  brief  statement  of  the  circumstances  which  caused 
such  special  interest  to  attach  to  the  transitu  of  Venus  which 
were  to  happen  on  December  8,  1874,  and  December  6,  1882: 
for  it  was  supposed,  that,  all  things  considered,  transits  of 
Venus  were  most  to  be  relied  on  for  the  purpose  of  ascertaining 
the  amount  of  the  Sun's  parallax.  The  particular  circumstances 
of  the  transits  in  question  will  come  under  notice  hereafter. 
Meanwhile  it  may  be  stated  that  Stone  has  deduced  8-823" 
as   the  general   result  of  all  the    British   observations   of  the 


*  Mem.^  R.  A.  S.  xlvi.,  p  i,  1881  : 
Month.  Not.y  vol.  xli.,  p.  323.  April  1881. 

*  C.  A.  Young  in  Sid.  Mest.f  vol.  vi., 
p.  II,  Jan.  1887. 

'  Month.  Not.,  vol  .xxiv.,  p.  8.  Nov. 
1863.  The  amonnt  of  the  correction 
to  £ncke*8  determination  is  about  equal 
to  the  apparent  breadth  of  a  human  hair 
peen  from  a  distance  of  125^*,  or  that  of 
a  sovereign  at  a  distance  of  8  miles.  The 
whole  amount  of  the  {^^arallax  has  bern 


put  as  the  measurement  of  a  Imll  one 
foot  in  diameter  seen  from  a  station  nearly 
4-4  miles  distant  from  the  ball.  Unless 
the  observer  can  "determine  the  diameter 
of  the  ball  so  that  he  shall  not  be  un- 
certain in  his  measure  to  the  amount  of 
0*03  of  an  inch,  his  work  will  not  add 
anything  useful  to  present  knowledge.** 
(5/rf.  Me^$.,  vol.  vii.,  p.  loi,  March 
i888\ 
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1882   transit.     The    BiazUian    result   by   Wolf   and   Audi* 
8.8o«". 

It  is  almost  needless  tu  add  that  the  acceptance  bt'  a  new  | 
valae  for  the  solar  parallax  necessitates  the  recomputation  of  all  \ 
namerical  quantities  involving  the  Sun's  distance  aa  a  unit. 

The  real  mean   distance  of  the  Earth  from  the   Sun  being  j 
ascertained,  it  is  not  difficult  to  determine  by  trigonometry  the  | 
true  diameter  of  the  latter  body,  its  apparent  diameter  being 
known   from   observation "" ;   and,  as  the  most  leliable  results 
show  that   the   Sun   at   mean  distance   subtends  an  angle   of 
32'  3-6",  it  follows  that  (assuming,  as  above,  a  parallax  of  H-S")  its 
actual  diameter  is  866.200  miles.     It  is  generally  accepted  that  \ 
there  is  no  visible  compression.     The  surface  of  this  enormous  ' 
globe  therefore  exceeds  that  of  the  Earth  11,900  times,  whilst  | 
the  volume  is  1,306,000  times  greater;  since  the  surfaces  of  two   ' 
spheres  are  to  each  other  as  the  squares  of  their  diameters  and 
the  volumes  as  the  cubes. 

The  linear  value  of  i"  of  arc  at  the  mean  distance  of  the  Sun 
is  about  450  miles. 

The  Sun's  mass,  and  conseijuently  its  attractive  power,  is  "I 
332,260  times  that  of  the  Earth,  and  (approximately)  is  749  times  I 
the  masses  of  all  the  planets  put  together. 

By  comparing  the  volumes  of  the  Sun  and  the  Earth  and 
bringing  in  the  value  of  their  masses,  we  obtain  the  relative  J 
specific  gi-avity  or  density  of  the  two. 

The  Sun's  volume  is  to  that  of  the  Earth  in  the  ratio  of  1 
1,306,000  to  1;  the  Sun's  mass  ia  to  the  Earth's  in  the  lesser  | 
ratio  of  332,260  to  i.  Therefore  the  density  of  the  Sun  is  to 
the  density  of  the  Earth  as  332,260  to  1,331.570,  or  approxi- 
mately as  I  to  4.  Then  taking  Bully's  value  of  the  density  of  ] 
the  Earth  (5-67  times  that  of  water),  the  density  of  the  Sun  is  I 
1-42  times  that  of  water. 

Some  inteiesting  points  may  conveniently  be  noted  here  re-  j 

"  IJndeaKU  in  iSoQand  Secclii  in  1H7: 
|in>p(iutideil  luiue  Hlrauge  idvu  abuut  thi 
f  ifilile  diuiiBtf  r  of  tlie  ,Suii  being  subjcL' 
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specbing  the  consequences  which  result  from  the  stupendous 
magnitude  and  mass  of  the  Sun.  At  the  surface  of  the  Earth 
a  body  set  free  in  space  falls  i6*i^*  in  the  first  second  of  time, 
with  a  velocity  increasing  duiing  each  succeeding  second.  A 
body  similarly  set  free  at  the  surface  of  the  Sun  would  stait  with 
a  velocity  27*4  times  as  great  as  that  of  a  body  falling  at  the 
surface  of  the  Earth.  This  is  equivalent  to  saying  that  a  pound 
weight  of  anything  on  the  Earth  would,  if  removed  to  the  Sun, 
weigh  more  than  27^^.  Liais  has  pointed  out  a  singular  conse- 
quence of  this  fact : — "  An  artillery  projectile  would  have  on  the 
Sun  but  very  little  movement.  It  would  describe  a  path  of 
great  curvature^  and  would  touch  the  surface  of  the  Sun  a  few 
yards  from  the  cannon's  mouth."  The  centrifugal  force  due  to  the 
rotation  of  any  body  diminishes  gravity  at  its  surface.  At  the 
Earth's  equator  the  total  diminution  is  ^^t  P^^  ;  whilst  at  the 
Sun's  equator  the  centrifugal  force  is  only  about  i^Jxf^  P^'^  ^^ 
the  force  of  gravity.  It  would  be  necessary  that  the  Sun  should 
turn  on  its  axis  133  times  quicker  than  it  does,  for  the  force  of 
gravity  to  be  neutralised.  In  the  case  of  the  Eaith,  however, 
a  speed  of  rotation  1 7  times  as  great  as  it  is  would  suffice  to 
produce  the  same  result.  The  insignificance  of  centrifugal  force 
at  the  Sun's  equator,  compared  with  the  amount  of  the  force  of 
gravity,  suffices  to  explain  the  absence  of  appreciable  polar  com- 
pression in  the  case  of  the  Sun's  disc. 

A  consideration  of  th^  comparative  lightness  of  the  matter 
composing  the  Sun  led  Sir  J.  Herachel  to  think  it  "highly 
probable  that  an  intense  heat  prevails  in  its  interior,  by  which 
its  elasticity  is  reinforced,  and  rendered  capable  of  resisting  [the] 
almost  inconceivable  pressure  [due  to  its  intrinsic  gravitation] 
without  collapsing  into  smaller  dimensions  *^."  That  the  internal 
pressure  exerted  by  the  gases  imprisoned  within  the  luminous  sur- 
face or  photosphere  of  the  Sun,  must  be  absolutely  stupendous,  we 
have  evidence  of  in  the  fact  of  the  almost  inconceivable  velocity 
(100  to  200  miles  per  second)  of  the  uprushes  of  incandescent  gas 
and  metallic  vapours^  which  are  almost  constantly  taking  place 

"  OntUnet  of  Ant.,  p.  297. 
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ftt  various  parts  of  its  surface.  It  would  seem  all  but  certain  that 
the  Sun  is  nearly  wholly  gaseous,  and  that  its  photosphere  con- 
siutfi  of  incandescent  clouds,  in  which  the  aqueous  vapour  of  our 
terrestrial  clouds  b  replaced  by  the  vapours  of  metals.  These 
considerations,  however,  introduce  a  difficulty  of  a  precisely 
opposite  character  to  that  which  Sir  J.  Uerschel  essayed  to 
combat;  inasmuch  as,  in  the  light  of  our  present  knowledge, 
it  seems  hard  to  conceive  how  a  mere  shell  of  metallic  vapour 
should  be  able  to  confine  gases  at  the  incomprehensible  pressure 
at  which  those  which  rush  out  in  the  form  of  the  now  well- 
known  "Red  Flames"  (see/ww/)  must  be  confined. 

The  Sun  is  to  be  regaided  as  a  fixed  body  ho  far  as  we  are  con- 
cerned ;  when  therefore  we  say  that  the  Sun  ■■  lises,"  or  the  Sun 
"seta,"  or  the  Sun  moves  through  the  signu  of  the  zodiac  once 
a  year,  we  are  stating  only  a  conventional  truth  ;  it  is  we  that 
move  and  not  the  Sun,  the  apparent  motion  of  the  latter 
being  an  optical  illusion. 

The  Sun  is  a  sphere,  and  is  surrounded  by  an  extensive  and 
rare  atmosphere;  it  is  self-luminous,  emitting  light  and  heat 
which  are  transmitted  certainly  beyond  the  planet  Neptune,  and 
therefore  more  than  2700  millions  of  miles.  Of  the  Sun's  heat, 
it  has  been  calculated  that  only  33 fi o'o 0 0 nir  P*rt  reaches  us", 
eo  that  what  the  whole  amount  of  it  must  be  it  passes  human 
comprehension  to  conceive :  like  many  other  things  in  science. 
Our  annual  share  would  be  sufficient  to  melt  a  layer  of  ice  all 
over  the  Earth  100"  in  thickness,  or  to  beat  an  ocean  of  fresh 
water  60"  deep  from  32"  F.  to  312'  F.,  according  to  Herschet 
and  Pouillef.  Another  calculation  determines  the  direct  light 
of  the  Sun  to  be  equal  to  that  of  5563  wax  caudles  of  moderate 
size,  supposed  to  be  placed  at  a  distance  of  one  foot  from  the 


•  GaDiil,  Fh}i*ift,  p.  391,  7th  Eng.  ed. 
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fmcp,  had  their  clothea  bamt  b^  coming 
under  the  fociu  of  the  convex  lenua 
plued  in  the  bell  to  let  in  the  light. 
And  honaeB  hftve  been  set  on  fire  by  the 
Sun'»  rajs.  L»ngley  pute  the  thicknew 
of  the  lajer  of  ice  which  could  be  melted 
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observer.  The  light  of  the  Moon  bting  piobalily  tqual  to  that 
of  only  one  candle  at  a  distance  uf  i2'\  it  fulluwH,  according  lo 
WoUaalon.  that  the  light  of  the  Hun  it>  Ho  1.072  times  that  of  the 
Muon.  Zollner'B  iatioi8  6iJJ,coo  to  i.and  Bouyuern  500,000  to  1. 
But  all  these  lesults  rest  on  a  very  weak  foundution. 

If  we  repie^eut  the  luminous  surface  of  the  Sun  when  the 
Earth  ih  at  its  mean  distance,  by  loco,  the  numbers  967  and 
1 035  will  represent 
the  B&nie  sui'face  as 
it  appears  to  us  when 
the  Earth  is  in  Aphe- 
lion (July)  and  Peri- 
helion (January)  re- 
spectively. 

When  telesci  pically 
examined,  theie  may 
fieijuently  be  seen 
in  the  equatorial  le- 
gions of  the  Sun  daik 
spots'"  or  iuar-u/te',esMh 
usually  sunounded  by 
a  fiinge  of  a  lighter 
shade,  called  a  pfHum- 
f/rit',  the  two  Mot  passing  into  each  other  by  gradations  of  tint, 
but  abruptly.     In  the  few  coses  in  which  a  giadual  shading  has 

Tlii«  oliitiiiific»iion  ia  sdoplMl  in  the  t*il. 
Mr.  Lungley  or  the  A]l«ghui;  UburvK- 
t<irj,  howeier,  viewing  spate  vilb  the 
1,1-inoh  E(|ti*tori>l  at  thKt  iiii>tituticn, 
>nd  s  poludung  eye-piece  (which  uliDila 
if  ^e  euiplojincDt  of  the  whole  nperture  ], 
»ee«  that  the  umbnl  slmcture  la  quite 
oamplei,  and  nude  up  of  sunken  baiika 
of  "  filauientii"  ^see  ptHt'.  He  further 
perwivea  that  the  nucleui  which  Dkwea 
■jtoke  uf  M  "  intengely  black,"  is  nut 
black  at  all,  nor  even  dark  i.tave  rela- 
tively), but  U  brilliant  with  a  violft- 
purple  light.  \M»nl.k.  Sol.,  v.il.  xiiiv. 
p.  JS9,     March  1S74.) 
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been  noticed,  Sir  J.  Herschel  believed  that  the  ciici 
may  be  aaciibed  to  an  optical  illusion,  ai'iaing  from  imperfect 
definition  on  the  retina  of  the  obaervera  eye.  It  is  not  how- 
ever always  the  case  that  each  spot  has  a  penumbra  to  itself, 
several  spots  being  occasionally  included  in  one  penumbra. 
And  it  may  further  be  remarked  that  cases  of  an  umbra  with- 
out a  penumbra,  and  the  contrary,  are  on  record,  Umbrse 
without  penumbrs-  are  exceptional,  and  may  be  considered  as 
closely  related  to  physical  changes  just  commencing  or  termina- 
ting. A  marked  contrast  subsists  in  all  cases  between  the 
laminoeity  of  the  penumbra  and  that  of  the  general  surface 
of  the  Sun  contiguous.  Towards  their  exterior  edges  penumbiw 
aie  (by  contrast)  usually  daiker  than  nearer  the  centre.  They 
are  frequently  very  irregular  in  their  outlines  (though  often 
they  conform  somewhat  closely  to  the  general  contour  of  the 
umbras  which  they  circumscribe),  but  the  umbrte,  especially 
in  the  larger  spots,  are  frequently  of  regular  form  (compara- 
tively speaking,  of  coui-se);  and  the  nuclei  of  the  umbne  still 
more  noticeably  exhibit  a  compactness  of  outline. 

Spots  are  for  the  most  part  confined  to  a  zone  extending  35", 
or  so,  OB  each  aide  of  the  solar  equator,  and  are  neither  per- 
manent in  their  form  nor  stationary '  in  their  position,  frequently 
appearing  and  disappearing  with  gieat  suddenness. 

The  multitude  of  facta  concerning  them,  accumulated  from  the 
journals  of  many  observers  extending  over  long  periods  of  yeais, 
b  so  great  as  to  bewilder  one,  and  to  marshal  these  in  a  suitable 
manner  is  a  task  of  extreme  difficulty:  and  howsoever  per- 
formed it  is  certain  that  much  will  have  been  left  out  that 
might  with  advantage  have  been  inserted. 

The  genei-al  limits  in  latitude  of  the  spots  may  be  stated,  as 
above,  at  35°,  but  instances  of  spots  seen  beyond  these  limits  are 
on  record.  In  ]!<7i,  B.  Stewart  saw  one  43'  distant  from  the 
solar  equator;  in  i8j8,  C'arrington  one  44°  ^^'i  in  1826,  Capocci 
one  46° ;  in  1846,0.  H.  F.  I'eters  one  50°  55' ;  and  La  Hire,  in  the 
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last  century,  is  said  to  have  seen  one  in  latitude  70^  They  are 
often  confined  to  two  belts  on  either  side  of  the  Sun's  equator, 
being  frequently  absent  from  the  equatorial  regions  except  at 
particular  epochs:  from  S**  to  20^  is  their  most  frequent  range, 
or  to  be  more  precise  still,  their  favourite  latitude  is  \f  or 
18"*.  They  are  often  more  numerous  aiid  of  a  greater  general 
size  in  the  Northern  hemisphere;  the  zone  between  11°  and 
15''  north  is  particularly  noted  for  large  and  enduring  spots. 
A  gregarious  tendency  is  very  obvious,  and  where  the  groups 
are  very  straggling,  the  longer  line  joining  extreme  ends  will 
pretty  generally  be  found  to  be  more  or  less  parallel  to  the 
equator,  and  not  only  so,  but  extending  across  nearly  the  whole 
of  the  visible  disc. 

Sir  John  Herschel  remarked: — "These  circumstances  .  .  .  . 
point  evidently  to  physical  peculiarities  in  certain  parts  of  the 
Sun*s  body  more  favourable  than  in  others  to  the  production  of 
the  spots,  on  the  one  hand;  and  on  the  other,  to  a  general 
influence  of  its  rotation  on  its  axis,  as  a  determining  cause  in 
their  distribution  and  arrangement,  and  would  appear  indicative 
of  a  system  of  movements  in  the  fluids  which  constitute  its 
luminous  surface;  bearing  no  remote  analogy  to  our  trade- 
winds — from  whatever  cause  arising^."  In  reference  to  the 
distribution  in  latitude  of  the  spots,  the  observations  of  Carring- 
ton  have  placed  us  in  possession  of  some  important  facts.  That 
observer  found  that  as  the  epoch  of  minimum  approached,  the 
spots  manifested  a  very  distinct  tendency  to  advance  towards 
the  equatorial  regions,  deserting  to  a  great  extent  their  previous 
haunts  above  the  parallels  of  20°  or  so.  After  the  minimum 
epoch  had  passed,  a  sudden  and  marked  change  set  in,  the 
equatorial  regions  becoming  almost  deserted  by  the  spots,  which 
on  their  reappearance  showed  themselves  chiefly  in  parallels 
higher  than  20**.  Wolf  finds  that  the  observations  of  Bohm 
reveal  the  fact  that  the  same  peculiarity  was  noticed  by  that 
observer  in  the  years  1833-6''.  Sir  John  Herschel  remarked 
that  if  this  should  prove  to  be  a  general  rule,  "  it  cannot  but 

■  Ontlinet  ofAit.y  p.  251.  ^  Month.  Not.,  vol.  xix.,  p.  325,    July  1859. 
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stand  in  immediate  and  must  important  connexion  with  the 
periodicity  itself,  as  well  aa  with  the  physical  process  in  which 
the  spotfi  originate." 

Confirming  Camngton's  results  in  a  great  pleasure,  Sporer, 

I  who  has  devoted  many  years  to  assiduous  observation  of  the  Sun, 

[a  that  between  the  time  of  one  minimum  and  another  the 

I  region  of  greatest  frequency  gradually  drifts  downwani  from  the 

Kone  of  30—25°  of  latitude  to  the  immediate  neighbourhood  of 

I  the  equator:  and  that  at  the  time  of  maximum  its  seat  lies  in 

about  17'  or  |S°.     As  the  next  minimum  approaches,  spots  more 

than  15"  from  the  equator  become  more  rave  than  spots  of  35' 

I  and  upwards  were  at  the  time  of  maximum.     But  directly  the 

I  minimum  is  past,  spots  begin  to  appear  again  in  those  higher 

[  latitudes  where  but  very  few  have  been  seen  for  several  years. 

I  Tliis  sudden  transfer  of  the  seat  of  energy  from  a  zone  where  it 

'  has  been  manifested  year  after  year  to  another  and  distant  zone 

where  nothing  has  been  going  on  for  a  long  time  previously,  is  a 

remarkable   fact,  the   import  of  which   cannot  at   present   W 

explained". 

The  duration  of  individual  spots  is  a  matter  associated  with 

extremes  both  ways.     Some  remain  visible  for  several  months. 

others  scarcely  for  as  many  minutes;  but  »  few  dajs  or  weeks 

will  commonly  lie  found  the  usual  extent  of  permanency.    Some 

are  formed  and  vanish  during  the  period  of  a  single  semi-rotation 

I  (rather  more  than  1 2}''),  others  remain  during  several  successive 

I  rotations;  for  it  will  be  readily  understood  that  the  Sun,  beirg 

l£ndued  with  an  axial  rotation,  and  the  spots  being  fixed  (vr 

I  nearly  so)  on  the  Sun's  surface,  it  will  not  be  possible  for  any 

I  one  spot  to  remain  in  sight  ro/ifim/omi/^  for  longer  than  half  the 

I  duration  of  the  Sun's  rotation. 

With  respect  to  the  distribution  of  spots  in  longitHilp  there  is 

I  little  to  be  said,  for  it  does  not  certainly  appear  that  they  have 

L  preference  for  any  one  longitude  more  than  another.     Never- 

Ltheless    KirkM-ood   believes   that   this   statement   so   fai*   need^ 


■  A-t.  Sa--h..  vnl.  cvli..  No.  iz,6f..  Dm.  31. 
I  p.  ;c>,  April  iSSi. 
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modification  that  there  is  one  particular  longitude  in  which 
planetary  influences  (see  post)  are  specially  effective.  Sporer  also 
seems  to  think  that  there  are  special  localities  of  disturbance. 

When  observed  for  any  length  of  time,  a  spot  will  first  be 
noticed  on  the  Eastern  limb,  disappearing  in  little  less  than  a 
fortnight  on  the  Western  limb;  after  an  interval  of  nearly 
another  fortnight,  the  spot,  if  still  in  existence,  will  reappear  on 
the  Eastern  side^  and  in  like  manner  traverse  the  disc  as  before. 
This  phenomenon  necessarily  can  only  be  accounted  for  on  the 
supposition  that  the  Sun  rotates  on  its  axis ;  and  observations 
specially  conducted  with  that  object  in  view  will  give  the 
period  of  this  rotation,  which  Laugier  fixed  at  25*  8**  10" ; 
Carrington  at  25*  9**  7" ;  and  Sporer  at  25^  5**  31" — results  fairly 
in  accord  with  Bianchini's  determination  of  25**  7**  48",  deduced 
in  17 18,  when  the  difficulties  attending  the  observations  due  to 
the  ever- varying  forms  and  actual  proper  motions  of  the  spots 
are  taken  into  consideration. 

The  entire  period  required  by  a  spot  to  make  a  whole  visual 
rotation  (27*  7**)  is  greater  than  that  of  the  Sun's  actual 
rotation,  owing  to  the  Earth's  progressive  movement  in  its 
orbit. 

On  February  19,  1800,  Sir  W.  Herschel  was  watching  a  group, 
but  after  looking  away  for  a  single  moment,  he  could  not 
find  it  again*.  The  same  observer  followed  a  spot,  in  1779, 
for  6  months ;  and,  in  1840  and  1841,  Schwabe  observed  one  and 
the  same  group  to  return  18  times,  though  not  in  18  consecu- 
tive rotations  of  the  Sun^. 

In  July,  August,  and  September  1859,  ^  large  group  was 
followed  through  several  apparitions,  and  another  very  notice- 
able instance  of  the  kind  occurred  in  the  autumn  of  1865. 
Similar  cases  are  by  no  means  very  rare.  It  has  been  sur- 
mised, and  Sir  J.  Herschel  thought  "  with  considerable  apparent 
probability,''  that  some  spots  at  least  are  generated  again  and 
again,  at  distant  intervals   of  time,  over   the   same  identical 

*  Phil   Trant.,  vol.  xci.,  p.  293.     1801. 

'  A«t.Nach.,yo\.  xviii.  No.  418,  March  18,  1841. 
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points  of  ihe  Sun's  body.  There  appears  to  be  some  evidence 
to  bear  out  this  hypothesis'.  Webb  says: — "Fritsch  stated 
that  he  saw  one  stand  nearly  still  for  3  days;  and  Lowe 
Uiat  he  even  witnessed  retrogradation — but  these  assertions 
involve  a  suspicion  of  mistake.  Schroter  and  others  have 
ascribed  to  them  a  more  moderate  locomotion.  This  was 
micrometically  established  in  a  lateral  direction  by  Challis  in 
1857 ;  and  Carrington  has  subsequently  made  known  his  very 
interesting  discovery,  that  there  appear  to  be  currents  in  the 
photosphere,  drifting  the  equatorial  spots  forward  in  comparison 
with  those  nearer  to  the  poles,  with  deviations  in  latitude  of 
smaller  amount :  the  neutral  line  as  to  both  these  drifts  lying  in 
about  i^"*  of  latitude.  With  these  shifting  landmarks,  it  is  not 
surprising  that  the  Sun's  period  of  rotation  is  still  doubtful. 
. . .  Howlett  and  several  others  have  found  that  spots  near  the 
limb  require  a  different  focus  from  those  in  the  centre ;  arising, 
no  doubt,  as  Dawes  says,  from  the  effect  on  the  retina  of  very 
different  degrees  of  brightness*.'*  According  to  Maunder  a 
relaiive  displacement  amongst  the  members  of  the  same  group 
amounting  to  7cxx>  miles  a  day  is  not  unusual. 

With  respect  to  proper  motion,  Carrington  found  that  most 
spots  have  an  independent  proper  motion  of  their  own  (hence 
uncertainties  in  conclusions  respecting  the  duration  of  the  Sun's 
rotation),  and  not  only  so,  but  that  the  proper  motion  of  spots 
varies  systematically  with  the  latitudes  of  the  spots. 

The  varying  position  of  the  Earth  with  reference  to  the  Sun, 
combined  with  the  inclination  of  the  axis  of  the  latter  to  the 
plane  of  the  ecliptic  (amoimting  to  82"  45'  according  to  Cai*- 
rington ;  to  83°  3'  according  to  Sporer^),  gives  rise  to  the  fact 
that  at  no  two  periods  of  the  year  do  the  spots  appear  to  traverse 
the  Sun  8  disc  exactly  in  the  same  way.  About  June  5  and 
December  6  the  Earth  is  in  the  line  of  nodes  of  the  spots — or,  in 

'  ^m  John  seema  afterwards  to  have  ^  The  longitude  of  the  ascending  node 

ehanged  his  opinion.   In  a  Memoir  in  the  for  1850  was  73°  40' ;  so  that  the  North 

Qmari.  Jour.  Se.,  ▼ol.  i.  P'  225,  April  1864,  pole  of  the  Sun's  axis  points  nearly  to  « 

he  lays  exactly  the  reverse.  Draconis,  and  the  South  one  to  a  Trian- 

•  CeUMt.  Objects  J  p.  33.  (3rd  ed.)  guli  Australis. 


r 

1(1                             Thi'  Shu   und  PUiwIx.                    [BoS 

other  words,  its  longitude,  as  Meeii  fidin  the  Sun,  corresponoi 
nearly  with  the  points  of  intersection  of  the  solar  equator  anc 
the  ecliptic— and  the  paths  of  the  spots  are  then  inclined  straight 
lines.     In  March  the  South  pole  is  turned  towards  us.  and  the 
tracks  are  concave  towards  the  South :  in  Septemher  the  condi- 
tions RH-  fin'ciKely  rcvfiNcl  in  "vry  rf^pirt,  the  Nnrth  pnle^ 

1 

1 

1 

L 

at  other  intermediate  periods  (not  heing  very  near  to  June  ,5  or 
December  6)  the  paths  are  hoth  inclined  and  curved  at  the  same 
time. 

Individual  spots  also  possets  many  peculiarities  of  their  own. 

of  that  month,  had  rotated  in  its  own  plane  through  90".     fiirt 

1 
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believed  that  the  same  thing  happened  with  a  spot  which  he  scru- 
tiniBed  in  February  and  March  1859®.  Schwabe  saw  occasionally 
gpota  of  a  reddish^rown  colour,  under  circumstances  of  contrast 
prednding  the  possibility  of  deception ;  on  one  occasion  3  tele- 
scopes and  several  bystanders  certified  to  this.  In  1826,  Capccci 
perodved  a  violet  haze  issuing  from  each  side  of  the  bright  central 
streak  of  a  great  double  umbra ;  and  during  the  eclipse  of  March 
15, 1858,  Secchi  saw  a  rose-coloured  promontory  in  a  spot  visible 
to  the  naked  eye.  On  April  24,  1886,  Hopkins  saw  a  spot  with 
4iiiiifana,  a  of  which  were  black  and  2  reddish-brown.  The  colour 
WIS  TCty  marked  and  was  visible  in  different  eyepieces,  and  a 
liyitaiiflfr  confirmed  the  observation.  The  colour  disappeared 
ia  aoHUiiateB  after  the  observation  was  commenced^.  Schwabe 
Jasflilbed  the  penumbrsB  as  made  up  of  a  multitude  of  black  dots, 
xmmDiy  JW^S^^^^g  in  straight  lines  from  the  umbra ;  Secchi  with 
optical  power,  defined  these  radiations  to  be  alternate 
of  the  bright  light  of  the  photosphere  and  dark  veins 

to  the  ambra^ 
Bon-spots  are  of  such  prodigious  size,  as  to  be  visible 
to  the  naked  eye.  A  few  recent  instances  are  here  given.  A 
qpo(  measured  by  Pastoi'ff  on  May  24, 1 828,  was  computed  to  have 
an  ana  about  4  times  the  entire  surface  of  the  Earth.  In 
JuDib  1843,  Schwabe  observed  one  2'  4j'\  or  75,000  miles  in  dia- 
meter* It  was  seen  for  an  entire  week  without  the  aid  of  a 
Itlceoopn  On  March  15,  1858,  the  day  of  the  celebrated  eclipse, 
a  spot  having  a  breadth  from  W.  to  E.  of  4^  or  108,000  miles, 
attracted  considerable  attention.  On  September  30,  in  the  same 
year,  one  having  a  breadth  from  W.  to  K  of  5'  21^^  or  144,450 
miles,  was  observed  ^  On  January  26,  1859,  and  during  August 
1K59,  large  spots  were  seen;  one  visible  in  the  latter  month 
measured  nearly  58,000  miles,  according  to  Newall,  who  saw  it 
distinctly  as  a  notch  on  the  edge  of  the  Sun*s  disc,  the  like  of 

*  M<mth.  Not,  vol.  xiz.,  p.  183,  March      authority  of  Webb,  CeltMt,  Objectt,  p.  35. 
1859.  He  gives  no  reference,  so  I  am  anable  to 

*  Momtk.  Sot.,  vol.  xlvi.,  p.  393,  May       verify  them. 

1886.  '  ^ft,  Nack.,  vol.  1.,  No.  1 183,  Feb.  35, 

*  The  preceding  iaott  are  given  on  the       1859. 
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which  he  had  only  seen  once  before — namely,  on  March  35, 1 850  ". 
During  April  and  May  1870,  and  April  1883,  several  large  spots. 


easy  to  be  seen  by  the  nak.ii  •y.  w.iu  \  i^iirir.     'i'lie  last-nd 
had   on  April  iy  a  leEgtli  of  2'  15"  and  a  breadth   of  1'  1,-5 


•  Latter  In  the  Timet,  Aii)[.  ij,  1859. 
"  An  indeatBtinn  on  >  gl(ib«  will  dii- 
appvar  in  profile  udIfu  iu  bresdUi  KUil 
depth  &re  ctnuidenble :  heiico  euch  ob- 
•ervatioiu  wonld  be  rare,  but  they  a™ 
renorded   by    Ia    Hire,    1^0,1:    Cuwini. 


1719;  W.  Hcncliel.  iSoo;  Dotlun^ 
othen,  T846  ;  Love,  1849  ;  NewKlI.  1850, 
1S59;  Observers  at  Kew  >nd  DeanD, 
1868."— Webb,    CtUit.    Objr^U,   p.    28 

(■>.).    Of  Ute   ytan   IiidenUli<ina  \ 


often  n 
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Vioknt  magnetic    storms  accompanied   its   appearance.     These 
ibsmB  coDtinaed  from  April  14  to  April  so*'. 


OBKA*    SDK  IPOT  TUtBU  OK  J 

Rgs.  8-1 1    represent  a  large  and  important  spots  observed 

<hiring  the   Bnmraer  of  1883  by  M.  Ricco  at  Palermo.     Their 

Pig.  ti. 


THK  »*•«  "I-"- 


wl«U,  Mo«a.  Sol.,  vol.  xlii.  p.  356.  M«y  i8Si. 
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size  relatively  to  the  Earth  will  be  realised  generally  by  com- 
paring them  with  the  shaded  ball  in  the  comer  of  each  sketch 
marked  "  La  Terre." 

One  of  the  most  interesting  large  spotseverBubjected  to  careful 
scrutiny  was  that  which  was  conspicuously  visible  in  October 
1865.  Many  elaborate  observations  of  it  were  made  by  astro- 
nomers, and  a  series  of  drawings  by  the  Rev.  F.  Howlett  are  well 
known.  1  here  present  copies  of  drawings  by  Brodie,  exhibited 
at  the  Royal  Astronomical  Society ',  which  will  be  useful  for  com- 
parison with  Howlett's,  Brodie  furnished  me  with  the  following 
revised  transcript  of  his  notes  : — 

"October  11.  1865,— Tlie  definiUnn  wm  tine  enciu){h  to  allow  this  spot  to  be 
eiUDined  with  ■  power  of  470  on  kd  equfttnrial  t«lF«cope  of  S^  in.  aperture  ui<I 
1 1}  tt,  long.  The  shape  of  the  spot  was  tolerably  recluigulu',  the  uuibn  being 
about  lti,DOa  niilea  lung  and  g^oo  miles  wide,  or  in  memurei  of  arc  4:-3''long 
and  13*3"  wide,  Tlie  penumbra  86-9"  long  and  735"  wide.  There  was  an  exceed. 
inglj  long  protnontorj  of  liuuinoui  matter  projecting  oi'er  the  lunbrs  from  one  end 
of  tlie  apat,  and  running  tolerablj  parallel  to  tbe  itide.  Near  the  end  of  this  promon- 
torj  waa  an  elongated  portion  of  detached  Inminons  matter  of  trimilar  iibape  to  that  of 
the  promontory  ilMlf,  about  4C0O  milei  long  [see  Plate  III.  Fig.  1 1].  This  portion 
had  elongated  itself  ins  remarkable  manner  in  the  preiious  15  minutei,  fat  when  first 
obccrved  it  was  not  more  than  3000  miles  long.  The  long  promontory  seemed 
drifting  towards  the  penumbra,  while  the  detacbed  portion  was  moving  rather  away 
from  it,  indicating  a  cyclonic  action  of  the  forces  in  operation. 

"  About  1^  hours  later  I  found  that  the  detached  portion  of  luminous  matter  had 
fbrmeil  a  junction  with  the  long  promontory  [see  Plate  III.  Fig.  13].  That  side  of 
the  umbra  opposite  to  this  promontory  was  cotered  with  a  sort  of '  mackerel  sky ' 
formatinn  of  misty  laminous  matter,  which  extended  more  or  less  marked  over  the 
whole  portion  of  the  umbra.  The  blacl:  nncleus  of  tbe  umbra  ^rat  noticed  by 
Mr.  W.  B.  Dawen,  as  generally  tn  bo  seen  in  spots,  was  absent  in  this  umbra,  Tliis 
misty  eloud-like  appearance  of  the  umbra  can  only  be  seen  with  large  telescopes ;  it 
seems  to  be  formed  by  the  nodules  of  luminous  matter  that  bri^ak  off  ^im  the 
pectinations  which  fringe  the  whole  of  the  edge  of  the  umbra ;  these  soon  after 
become  more  and  more  diffused,  until  they  became  a  sort  of  cloudy  stratum  floating 
over  the  nmbra.  These  nodules  invariably  drift  from  the  edge  of  the  penumbra 
towards  the  centre  of  the  onibra,  which  would  seem  to  indicate  a  downward  rush  u( 
gasea  from  the  surface  of  the  sun.  On  October  1  ath  there  were  five  of  these  nodules, 
that  had  broken  off  from  the  ends  of  the  small  promontories  or  pectinations  at  the 
edge  of  the  penumbra  and  had  be]^a  to  drifl  on  to  the  umbra,  while  one  bad  not 
quite  liroken  away,  but  was  preparing  to  do  so  [see  Kig.  18],  There  was  now  also 
another  change  on  the  umbra  at  the  end  of  the  long  promontory  ;  the  misty  cloud-like 
»  of  luminous  matter  began  to  form  into  bridge-like  formations  [see  Plate  III] 
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I\g.  13] :  bat  these  fannstioni  were  not  nearly  >o  bright  uid  JeGoed  u  the  long 
poriioD  of  the  praraoDtory  :  there  wu  also  uiotber  aburter  promontory  formed  on  the 
opposite  aide  io  that  of  the  long  obe,  or  it  might  be  termed  an  extreme  lengtbening 
of  one  of  the  pectin&tionK.  The  rvjddity  of  change  in  all  parta  of  the  umbra  was  re> 
marluble,  the  cloudy  itrala  leeming  to  condeiue  and  diffuse  very  simiUr  to  otir  earth 
eloodl  on  a  (nQUDer's  da;. 

"  ChTijEBR  la. — The  flbape  of  the  ombra  w««  very  greatly  altered,  and  it»  sjxe  was 
mach  increaiied.  [See  Plate  111.  Fig.  14].  Ila  length  wbb  nearly  ]g,oaa  miles,  with 
a  ?ridth  in  the  greatest  part  of  to.400  mites,  or  65*]"  of  arc  long,  and  lyd"  wide, 
the  penombra  beiog  fo.ooo  miles  long  and  34,Cx>o  broad.  The  long  pmmontory 
of  yefterday  had  quite  disappeared,  and  there  was  another  formed  at  the  opposite  end 
of  the  (pot  of  a  serpentine  form  ;  this  WM  obHerred  at  9.30  \M.  Within  an  hour 
knother  change  took  place,  and  at  10,30  this  long  serpentine  promontory  had  broken 
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Into  two  portioiu,  the  shorter  end  floating  on  the  penumbra.  [See  Fig.  15].  At 
11.30  P,H.  the  one  end  of  that  portion  that  had  broken  off  had  bodily  floated  towards 
the  penumbra,  and  formed  a  junction,  as  seen  in  Fig,  16.  At  1,30  VM.  the  spot  was 
■gain  observed,  and  the  portion  originally  broken  off  from  the  Mrpentlne  promontory 
of  the  morning  had  formed  a  complete  bridge  acrosg  the  umbrs.  [eee  Fig.  1 7  ],  while 
the  part  lioin  whioh  it  was  broken  had  bent  ronod,  forming  nearly  a  semicircle.  The 
(ratline  of  the  spot  did  not  seem  to  change  perceptibly.  The  figure  of  the  spot  was 
thrown  by  the  telescope  on  to  a  board  and  sketched  from  its  own  image. 

"OcTOBEll  Ij.—The  shape  of  the  spot  slightly  altered  only,  but  the  bridge  ■oroM 
had  quite  di "appeared,  white  the  semicircular  promontory  bad  formed  a  junction  with 
the  penumbra." 

Schwabc  said  that  good  eyes  would  detect  without  optical  aid 
any  spots  mori?  than  50"  in  tliainiiter,  but  this  ia  very  doubtful. 
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Probably  the  minimum  limit  must  be  fixed  in  general  at  i^  or 
even  more. 

"The  origin  of  a  spot,  when  it  can  be  observed,  is  usually 
traceable  to  some  of  those  minute  pores  or  dots  which  stipple  the 
Sun's  surface,  and  which  begin  to  increase,  to  assume  an  umbral 
blackness,  and  acquire  a  visible  and,  at  first,  very  irregular  and 
changeable  shape.  It  is  not  till  it  has  attained  some  measur- 
able size  that  a  penumbra  begins  to  be  formed — a  circumstance 
strongly  favouring  the  origination  of  the  spot  in  a  disturbance 
from  below,  upward  ;  vice  versa,  as  the  spots  decay  they  become 
bridged  across,  the  umbrae  divide,  diminish  in  size,  and  close  up, 
leaving  the  penumbne,  which,  by  degrees,  also  contract  and 
disappear.  The  evanescence  of  a  spot  is  usually  more  gradual 
than  its  formation.  According  to  Professor  Peters  and  Mr. 
Carrington,  neighbouring  groups  of  spots  show  a  tendency  to 
recede  from  one  another  ^.*'  And  not  only  so,  but  neighbouring 
spots  in  the  same  group  show  the  same  tendency,  particularly  in 
longitude.  The  Ltive  drift  of  members  of  the  same  g^up 
is  far  more  noticeable  than  the  relative  drift  of  different 
groups. 

The  most  casual  observer  can  hardly  fail  to  be  struck  with 
the  rapidity  of  the  changes  which  take  place  in  solar  spots. 
Dr.  WoUaston  says: — "Once  I  saw,  with  a  12-inch  reflector,  a 
spot  burst  to  pieces  while  I  was  looking  at  it.  I  could  not 
expect  such  an  event,  and  therefore  cannot  be  certain  of  the 
exact  particulars  ;  but  the  appearance,  as  it  struck  me  at  the 
time,  was  like  that  of  a  piece  of  ice  when  dashed  on  a  frozen 
pond,  which  breaks  in  pieces,  and  slides  on  the  surface  in  various 
directions.  I  was  then  a  very  young  astronomer,  but  I  think  I 
may  be  sure  of  the  fact."  Their  immense  number  is  likewise 
very  noticeable.  On  April  26,  1 846,  Schmidt  at  Bonn  counted 
upwards  of  200  single  spots  and  points  in  one  of  the  large  groups 
then  visible,  and  180  in  another  cluster,  in  August  1845.  On 
August  23,  1861, 1  counted  70  distinct  spots  with  a  telescope  of 
only  3  inches  aperture  charged  with  a  power  of  2 1 .     Schwabe 

^  Sir  J.Heinchel,  in  Quart.  Jo  urn.  Sc,  vol.  i.  p.  225.     April  1864. 
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found  that  the  Western  members  of  a  group  disappear  first,  and 
that  at  the  Eastern  end  fresh  ones  are  apt  to  form,  where  also 
the  junior  members  are  most  numerous ;  that  the  small  points 
are  usually  arranged  in  pairs  (much  after  the  appearance  of  the 
**  Dumb-Bell"  Nebula);  and  that,  when  near  the  edge  of  the  Sun, 
the  penunibrse  are  much  brighter  on  the  side  next  the  limb. 
Sir  J.  Herschel  often  noted  the  penumbrse  to  be  least  defined 
on  the  preceding  side ;  and  Capocci  found  the  principal  spot  of 
a  group  usually  the  leader.  The  same  observer  believed  the 
umbrae  to  be  better  defined  in  their  increase  than  in  their 
decrease.  The  leader  is  usually  the  most  black,  symmetrical, 
and  enduring  of  the  group,  according  to  Chacomac. 

Maunder  disagreeing  with  Schwabe  (as  above)  says  that  the 
leader  of  a  group  of  spots,  i.e.  the  most  Westerly  one,  is  the 
darkest  and  most  enduring.  He  notes  that  the  gi'oups  first  begin 
to  waste  in  the  central  members:  then  the  Eastern  members 
perish ;  and  last  of  all  the  Western  members. 

Attention  has  now  to  be  directed  to  one  of  the  most  curious 
and  interesting  discoveries  of  modem  astronomy — the  periodicity 
of  the  solar  spots.  Schwabe,  of  Dessau,  the  hero  of  this\  shall 
be  introduced  to  the  reader  in  the  words  of  the  late  Mr.  M.  J. 
Johnson,  when,  as  President  of  the  Royal  Astronomical  Society, 
be  spoke  on  the  award  to  him  of  the  Society's  Gold  Medal  in 

**  Wliat  the  Coancil  wi«h  most  emphatically  to  express  is  their  admirstiun  of  the 
indomitable  seal  and  untiring  energy  which  he  has  displayed  in  bringing  that 
rttareh  to  a  socoeMfol  issue.  Twelve  years,  as  I  have  said,  he  spent  to  satisfy 
bimeelf;  six  more  years  to  satisfy,  and  still  thirteen  more  to  convince,  mankind.  For 
thirty  years  never  has  the  Sun  exhibited  his  disc  above  the  horizon  of  Dessau  without 
being  eonfroBted  by  Schwabe*s  imperturbable  telescope,  and  that  appears  to  have 
kappened,  on  an  average,  about  300  days  a  year.  So,  supposing  that  he  observed 
bat  oBoe  a  day,  he  has  made  90oo^observations,  in  the  course  of  which  he  discovered 
4700  groops.  This  is,  I  believe,  an  instance  of  devoted  persistence  (if  the  word  were 
not  eqnivooal,  I  should  say  pertinacity)  unsurpassed  in  the  annals  of  astronomy. 
The  encfgy  of  one  man  has  revealed  a  phenomenon  that  had  eluded  even  the  sus- 
pieioii  of  astronomen  for  200  years  ".*" 

>  Wolf  has  pointed  out    that  Chris-      to  a  periodicity.    (R.  Wolf,   Oetchichie 
Uan  Hntrebow  first  suggested  the  idea      der  AHronomie,  p.  654.) 
that  the  spoil  on  the  Sun  were  subject        <"  JU'ofi/A.iV^o^.,vol.zvii.p.  129.  Feb.  1875. 
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Table  of  Schwabe's  Results'^. 


Meandiomal 

Year. 

Days  of 
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New  Oroupa. 
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Declination  of 
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Needle. 

1836 
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33 
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9-75 

1837 
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3 
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"•33 

1838 
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0 
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1839 

344 

0 
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1830 

317 

I 
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1831 
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3 
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49 

84 
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33 

•  a  « 

1834 
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1 30 

51 

•  •  • 
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18 
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0 
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0 

333 

13.37 

1838 

303 

0 
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0 
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3 
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7.83 

1843 

307 

64 

68 

7^ 
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3" 
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III 

52 

661 
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0 

257 

9-55 

1848 

378 

0 
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0 
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0 
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3 
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8-09 
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3 

91 

709 
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334 

65 

67 

6.81 

1855 
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79 
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321 
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34 
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52 

98 
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0 
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741 
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0 
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10-37 

i860 

332 

0 

311 

10-05 

1861 

323 

0 

304 

9.17 

1863 

317 

3 

160 

8-.S9 

1863 

330 

3 

"4 

8.84 

1864 

325 

4 

130 

8.03 

1865 

307 

25 

93 

8.14 

1866 

349 

76 

45 

7-^5 

1867 

312 

195 

25 

7-09 

1868 

301 

33 

lOI 

8.15 

Schwabe's  observations,  as  published,  end  with  i868.     The 
thread  is  not  however  absolutely  broken,  for  Wolf  had  previously 


"  Month.  Not. J  vol.  xvi.,  p.  63.    Jan.  1856.    Continued  to  1868. 
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sUrted  ft  Bdries  of  bis  own.    A  table  of  hie  results,  as  prepared 
by  himfielf  for  this  work,  at  my  request,  is  subjoined  : — 
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The  gist  of  tbb  discovery  may  be  given  in  a  few  words; — the 
spots  are  subject  to  a  periodical  variation  in  prevalence,  extend- 
ing over  about  1 1' ;  during  this  time  their  numbers  follow 
a  cycle  which  has  a  maximum  and  a  minimum.     At  epochs  of 
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minima,  on  many  days  absolutely  no  spots  are  to  be  seen,  as  was 
the  ease  in  1856.  It  has  been  hinted  that  at  epochs  of  maxima, 
spots  are  more  permanent  in  character,  that  is,  can  be  more  often 
watched  through  several  rotations  than  is  the  case  at  epochs  of 
minima :  but  the  idea  needs  confirmation. 

A  remarkable  discovery  has  grown  out  of  Schwabe's ;  namely, 
that  the  diurnal  variation  in  the  declination  of  the  magnetic 
needle  is  characterised  by  an  11 -year  period,  and  (this  is  the 
singular  circumstance)  that  the  epoch  of  maximum  variation 
corresponds  with  the  epoch  of  the  maximum  prevalence  of  sun- 
spots,  and  vice  versd,  minimum  with  minimum.  Lament  of 
Munich  announced  decisively,  about  1850,  the  fact  of  the  period, 
and  General  Sabine,  in  March  1851  ^,  the  fact  of  the  coincidence ; 
Gautier  and  Wolf  making  the  same  deduction  independently  of 
Sabine  and  of  each  other. 

Perhaps  it  might  be  well  just  to  explain  here  very  briefly 
what  the  diurnal  variation  of  the  magnetic  needle  is.  The  needle 
is  subject  daily  to  a  minute  change  of  direction  of  an  oscillatory 
character.  The  change  is  in  the  nature  of  an  effort  on  the  part 
of  the  needle  to  turn  towards  the  Sun.  When  the  Sun  is  on  the 
meridian  the  needle  has  its  mean  position ;  this  happens  twice 
in  every  24  hours,  corresponding  to  the  upper  and  lower  meridian 
passages  of  the  Sun.  Again,  when  the  Sun  is  mid- way  between 
these  positions-*lso  of  course  twice  in  every  24  hours— the 
needle  has  a  mean  position  because  its  N.  and  S.  ends  make 
respectively  equal  efforts  (so  to  speak)  to  direct  themselves 
towards  the  Sun.  Four  times  in  the  day  then  the  needle  has 
its  mean  position,  or,  in  other  words,  is  directed  towards  the 
magnetic  meridian.  But  when  the  Sun  is  not  in  any  one  of  the 
4  positions  mentioned,  that  end  of  the  needle  which  is  nearest 
the  Sun  is  slightly  turned  away  from  its  mean  position  and 
towards  the  Sun.  These  diurnal  vibrations  are  not  uniform  in 
amount  from  day  to  day  during  a  succession  of  days  and  months 
and  years:  they  vary  in  extent  by  gradual  steps  through 
a  period  of  years,  now  recognised  as  being  about   1 1^.    And 

"  Phil,  Tiant.j  vol.  cxlii.  p.  103.   •852. 
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this  fiMst  nnderlies  the  ooincidenoe  mentioned  in  the  previous 
paiBgraph. 

Two  other  carious  discoveries  have  been  made  in  close  con- 
nection with  the  foregoing,  and  it  is  now  accepted  that  aurorae 
and  magnetio  earth  currents  (currents  of  electricity  which 
frequently  travel  below  the  surface  of  our  globe,  and  interfere 
with  telegraphic  operations)  likewise  have  an  i  i-year  period,  and 
that  their  iw^'giwin.  and  minima  are  contemporaneous  with  those 
of  the  two  phenomena  dealt  with  above ;  "  so  that,"  in  the  words 
of  Balfour  Stewart,  "  a  bond  of  union  exists  between  these  four 
phenomena.  The  question  next  arises,  What  is  the  nature  of 
this  bond?  Now,  with  respect  to  that  which  connects  Sun-spots 
with  magnetic  disturbances,  wo  can  as  yet  form  no  conjecture  ; 
but  we  may,  perhaps,  venture  an  opinion  regarding  the  nature 
of  that  which  connects  together  magnetic  disturbances,  aurorte, 
and  earth-eurrents  >*."  The  reality  of  the  coincidences  just 
adverted  to  will  be  best  understood  by  an  examination  of  the 
accompanying  engraving  of  curves,  which  I  copy  fi-om  Loomis, 
who  has  investigated  with  great  care  the  histoiical  evidence 
avulable  for  drawing  trustworthy  conclusions  in  respect  of  these 
mattera.  Loomis  points  out  that  the  discrepancies  in  the  coinci- 
dences of  critical  periods  in  the  three  phenomena  of  Sun-spots, 
magnetic  declination,  and  aurorsc  are  both  few  and  insignificant. 
His  memoir  will  well  repay  attentive  perusal  ^. 

Much  more  might  be  said  on  those  matters,  but  a  fuller 
elucidation  of  them  would  lead  us  into  non-astronomical  fields. 

I  may  here  advert  to  a  remarkable  phenomenon  seen  on  Sep- 
tember I,  1K59,  by  two  English  observers  whilst  engaged  in 
scrutinising  the  Sun.  A  very  fine  gi*oup  of  spots  was  visible  at 
the  time,  and  suddenly,  at  11^  iS'"  a.m.,  two  patches  of  in- 
tensely bright  white  light  were  seen  to  break  out  in  front  of  the 
spots.  They  were  at  first  thought  to  be  due  to  a  fracture  of  tlie 
screen  attached  to  the  object-glass  of  the  telescope,  but  such  was 

9  Pfoctedim0M  oftkr  Rotfoi  Infl.,  vol.       p.  245.   April  1873;  vol.  50.  iind  ti. )  p. 
W.  p.  58.     1865.  153.    Sfpt.  1870. 

«  SiUimam*M  Jvmrnal,  vol.  v.  (3rd  ». 
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not  the  case.  The  patches  of  light  were  evidently  connected 
with  the  Sun  itself;  they  remained  visible  for  about  5"*,  during 
which  time  they  traversed  a  space  of  about  33^700  miles.  The 
brilliancy  of  the  light  was  dazzling  in  the  extreme ;  but  the  most 
noteworthy  circumstance  was  the  marked  disturbance  which  (as 
was  afterwards  found)  took  place  in  the  magnetic  instruments 
at  the  Eew  Observatory  simultaneously  with  the  appearance  in 
question,  followed  in  about  16^  by  a  great  magnetic  storm', 
during  which  telegraphic  communication  was  impeded,  some 
telegraph  offices  were  set  on  fire,  and  aurorse  appeared.  A  storm 
on  the  sun  not  altogether  unlike  this,  it  would  seem,  was 
observed  on  September  7,  1871,  in  America  by  Professor  C.  A. 
Young.  A  prominence  (or  uprush  of  gas)  which  he  was 
examining  with  a  spectroscope  suddenly  burst  into  fragooients 
with  great  violence.  He  calculated  that  the  velocity  of  ascent 
was  as  great  as  166  miles  per  second.  A  portion  of  the  firag- 
ments  of  matter  reached  aoo,cxx)  miles  from  the  Sun's  surface '. 
An  aurora  occurred  in  the  evening  ^ 

A  more  recent  and  extremely  striking  instance  of  the  cor- 
relation of  these  physical  forces  occurred  on  April  16,  1882.  A 
magnificent  aurora,  violent  electrical  disturbances,  and  numerous 
and  large  Sun-spots  presented  themselves  simultaneously.  The 
aurora  was  seen  only  in  America,  but  the  electrical  disturbances 
and  of  course  the  Sun-spots  were  recorded  in  Europe  also.  No 
one  can  read  Mr.  H.  C.  Lewis's  paper  cited  below  without  being 
convinced  of  the  intimate  association  subsisting  between  these 
phenomena.  Hardly  less  certain  is  theii*  magnetic  character.  Mr. 
Lewis  thus  concludes  his  paper  on  the  aurora  in  question: — 
"  The  theory  is  not  improbable  that  Sun-spots  are  the  result  of 
solar  electrical  or  magnetic  storms,  and  that  auroras  are  the 
result  of  a  disturbed  electrical  condition  of  the  earth,  caused  by 

*'Carringion  and  Hodgson,  If owM.iSTo^y  *  For  an  account  of  a  ezploflions  on 

vol.  XX.  pp.   13-16.     Nov.    1859.    See  the  Sun  seen,  the  one  by  Rapin  at  Laa- 

also  an  account  of  a  similar  phenome-  sanne,  on  Sept.  14,  1883,  and  the  other 

non  noted  by  Brudie,  in  vol.  xxv.  p.  21.  by  C.   W.  Irish,  at  Iowa  (U.  8.),  on 

November,  1864.  April  10,  1884,  see  L^Astnmomie,  v<4. 

•  ZTa/urtf,  vol.  iv.  p.  488.   Oct.  19,1871.  iii.  p.  381.    October  1884. 
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indiietion  from  the  Sun.    The  common  cause  for  both  phenomena 
18  probably  cosmical  V 

Wolf  has  tabulated  all  the  observations  of  spots  which  he 
could  collect.  These  date  from  1611,  but  do  not  assume  good 
regularity  till  1 749.  Annexed  is  a  copy  of  Wolf's  table  ^.  He 
divides  his  materials  into  2  groups,  corresponding  to  the  periods 
1610-1738,  and  1 745-1 870,  and  his  deductions  as  to  the  average 
duration  of  the  sun-spot  period  are  as  follows : — 


SiBIlS  I. 


From  MimimA,    xi*aoHha*ix. 
„     MaTima,    ix*ao  +  a<o6. 


SSBIBS  II. 

Team. 
From  Minima,    1 1 •!  x  + 1*54. 

Maximft,    10*94  ±  2-52. 


» 


Miniina. 

Maxima. 

Minima. 

Maximii. 

l6lO>8 

1615-5 

I745-0 

1750-3 

8.a 

10.5 

10.3 

11.2 

1619^ 

i6a6-o 

1755-2 

I761.5 

150 

135 

"•3 

8.2 

1634.8 

1639-5 

17665 

1769.7 

II-O 

9-5 

9-0 

8.7 

16450 

i649'0 

1775-5 

1778.4 

ICO 

I  I'D 

9a 

9-7 

*655o 

x66oo 

1784.7 

1 788. 1 

II-O 

150 

136 

i6-i 

16660 

16750 

17983 

1804.3 

>3-5 

lO-O 

133 

12.3 

1^79-5 

1685-0 

I8I0.6 

1816.4 

100 

80 

13.7 

^^3-5 

1689.5 

1693*0 

1823-3 

1839-9 

85 

"•5 

10.6 

7-3 

1698-0 

1705-5 

1833-9 

1837.3 

140 

12-7 

9*6 

10.9 

i7xao 

I7i8>a 

'843-5 

1 848.x 

xi-5 

9-3 

"•5 

I3-0 

nns 

X  727-5 

18560 

1860-I 

10-5 

II'3 

II-3 

105 

17340 

«738-7 

1867.2 

1870.6 

•  Proceedings  Amer,  Philoi,  80c.,  vol. 
p.  390, 1883.    For  further  iDformAtion 

OB  the  oooneotioii  between  woUr  outbnnte 
and  magnetie  ■tormi  lee  the  Stonyhartt 
Cotle^  Oheervations  for  1883,  &c. 
{OUervaiiMy,  toI.  vi.  p.  307,  Oct.  1883.) 

*  JKnM.  R.  A,  8.,  vol.  xliii.  p.   303, 
1877.    Wolf  *■    retultf,  as   recorded  in 


his  paper,  wiU  well  repay  careful  study. 
His  system  of  "  relative  numbers  **  to 
represent  the  monthly  and  annual  energy 
displayed  by  the  Sun  is  extremely  in- 
teresting, and  the  preparation  of  his 
table  to  record  this  energy  from  July 
1749  to  June  1876  must  have  involved 
inoredible  labour  and  research. 
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The  general  result  may  be  stated  to  be,  that  the  period  equals 
1 1*1 1 1  years  (ii  years  6  weeks,)  but  may  vary  as  much  as 
2  years  either  way  from  this  average. 

Wolf  has  also  considered  himself  warranted  in  asserting  this 
law : — **  Greater  activity  in  the  Sun  goes  with  shorter  periods, 
and  less  with  longer  periods  '*;  and  further,  that  there  are  grounds 
for  the  opinion  that  solar  spots  and  variable  stars  are  due  to 
similar  agencies. 

Generally  speaking,  there  appears  a  tendency  with  maxima 
to  anticipate  the  middle  time  between  the  consecutive  minima, 
the  interval  ii*i  i^  being  divided  into  two  unequal  sub-intervals 
of  4^  and  6|^,  or,  as  it  may  be  otherwise  put,  the  maximum 
appears  to  fall  about  the  5^*^  year  of  the  period  comprised  be- 
tween 2  minima'.  Observations  of  various  kinds  discussed  by 
De  La  Rue,  Stewart,  and  Lowy  confirm  this  inequality  of  interval, 
but  make  the  sub-intervals  37^  and  7*4^,  or  i  to  2.  As  respects 
the  law  of  increase  and  decrease  in  given  spot-periods  their  con- 
clusion difiers  in  an  important  respect  from  that  of  Wolf.  He 
appears  to  consider  that  when  the  spot  frequency  has  deAuided 
rapidly  or  slowly  from  a  maximum  value  to  the  next  minimum, 
it  ascends  with  corresponding  (relative)  rapidity  or  slowness  to 
the  next  maximum.  De  La  Bue  and  his  associates  prefer  to  put 
it  that  when  the  spot  frequency  has  passed  rapidly  or  slowly 
from  a  minimum  to  the  next  maximum^  it  descends  with  corre- 
sponding (relative)  rapidity  or  slowness  to  the  next  minimum  y. 

Besides  the  ii*ii^-period  Wolf  finds  another  period  5  times  as 
long,  and  a  third  period  3  times  the  length  of  the  second :  in 
other  words,  that  the  activity  of  the  Sun  goes  through  a  further 
series  of  changes  every  55^^  and  166^.  He  fancies  that  in 
adjacent  or  nearly  adjacent  ii^-periods  of  unequal  length,  a 
greater  activity  during  the  shorter  tends  to  compensate,  in  the 
total  number  of  spots  produced,  for  a  less  energy  in  the  longer. 
The  earlier  observations  are  necessarily  very  imperfect*. 

Schwabe's  original  period  was  10^:  but  the  ii'ii^^-period  is 

'  Henchel,  Ou/Anes  o/^«^,  p.  353.  ■  Mim,   80c,  Phil,  de  Berne,   185a. 

'  Month,  Not,  vol.  xxxii.  p.  177.  Feb.      The  Table  for   1749-1860  it  giren  in 

1872.  Month,  Not.fYo\.  zzi.  p.  77.    Jmi.  1861. 
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now  considered  preferable ;  even  Schwabe  himself  assented  to 
it  %  and  the  investigations  of  Hansteen  and  others  have  shown 
that  it  is  also  the  average  period  of  the  variation  in  the  magnetic 
declination. 

The  examination  by  Fritsch  of  a  large  number  of  auroral 
observations  enabled  him  to  extend  to  auroral  displays  also  the 
Sd^-period,  as  preferable  to  the  65y-period  proposed  by  Olmsted 
without  any  reference  to  the  spots. 

Another  supposed  coincidence  has  now  to  be  adverted  to.  By 
carefully  examining  Schwabe's  observations,  Wolf  thinks  that 
he  has  detected  the  existence  of  minor  periods  of  spot-prevalence, 
depending  in  some  way  upon  the  Earth,  Venus,  Jupiter,  and 
Saturn**.  ^'  Thus  he  finds  a  perceptibly  greater  degree  of  apparent 
activity  to  prevail  annually  on  the  average  of  months  of  Sep- 
tember to  January  than  in  the  other  months  of  the  year ;  and 
again,  by  projecting  all  the  results  in  a  continuous  curve,  he 
finds  in  it  a  series  of  small  undulations  succeeding  each  other  at 
an  average  interval  of  7*65  months,  or  0-637^.  Now  the  periodic 
time  of  Venus  (225**)  reduced  to  the  fraction  of  the  year  is  0*616, 
a  coincidence  certainly  near  enough  to  warrant  some  considerable 
suspicion  of  a  physical  connection  ^/'  It  is  proper  to  state  that 
Wolf  does  not  appear  to  have  made  any  use  of  Schwabe's  obser- 
vations taken  subsequent  to  1848''. 

B.  Stewart  concurred  in  the  opinion  that  Planetary  influences 
on  the  Sun  can  be  traced,  and  he  thinks  that  Jupiter  and 
Mercury,  as  well  as  Venus,  are  concerned.  The  general  result  as 
to  Venus  is  that  spots  have  a  tendency  to  break  out  at  that 
portion  of  the  Sun  which  is  nearest  to  Venus.  "As  the  Sun 
rotates  carrying  the  newly-born  spot  farther  away  from  this 
planet,  the  spot  grows  larger,  attaining  its  maximum  at  the 
point  farthest  from  Venusjand  decreasing  again  on  its  approach- 
ing this  planet." 

Doubts  must  be  deemed  to  attach  to  the  influence  assigned  to 

•  Att.  Sack.,  No.  152 1,  vol.  Ixix.  Ap.  <>  Sir  J.  Henchel,  Quart.  Journ,  Sc, 

3,  1865.  vol.  i.  p.  238.     April  1864. 

k  Month,  Not,,  vol.  xix.  p.  86.    Jan.  ^  MUtheilungen^  Nu.  lo. 
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Jupiter  and  Saturn.  As  Jupiter's  period  (i  i*8^)  is  nearly  identical 
with  the  Sun-spot  period,  it  has  even  been  suggested  that  the 
prevalence  of  Sun-spots  depends  mainly  on  influence  exerted  by 
Jupiter  in  difierent  parts  of  its  orbit,  in  perihelion  or  aphelion, 
as  the  case  may  be,  but  the  notion  seems  open  to  question  for 
several  reasons. 

Schwabe  was  disposed  to  find  a  connection  between  Sun-spots 
and  meteoric  showers.  There  is  something  of  a  coincidence 
between  three  Sun-spot  periods  and  one  shower  period,  but  it  is 
no  doubt  accidental  ®. 

Sir  W.  Herschel,  considering  that  the  prevalence  of  numerous 
ij^ots  on  the  Sun's  disc  was  an  indication  that  probably  violent 
chemical  action  (with  the  extrication  of  an  unusual  amount 
of  light  and  heat)  was  going  on,  was  led  to  think  that  years  of 
abundant  spots  would  also  be  noted  for  high  temperatures  and 
good  harvests,  and  years  of  few  spots  for  low  temperatures  and 
bad  harvests '.  Wolf  finds  decisive  evidence  "  that  years  rich  in 
solar  spots  are  in  general  drier  and  more  fruitful  than  those  of 
an  opposite  character,  while  the  latter  are  wetter  and  stormier 
than  the  former  s."  This  idea  is  supported  by  meteorological  facts 
collected  by  an  examination  of  the  chronicles  of  Zurich  from 
looo  to  i8cx>  A.D.  Gautier,  from  a  discussion  of  62  sets  of 
observations,  extending  over  1 1^,  and  taken  at  various  places  in 
Europe  and  America,  arrived  at  exactly  the  opposite  conclusion  ^. 
A  note  of  Arago*s  is  highly  appropriate  here  ;  **  In  these  matters 
we  must  be  careful  not  to  generalise  until  we  have  amassed  a 
large  number  of  observations." 

The  general  question  of  the  influence  of  the  Sun  on  the  meteoro- 
logy of  the  Earth  is  a  large  and  complex  one,  and  it  has  re- 
ceived very  little  attention.  I  propose  now  to  state  what  is  at 
present  known  on  this  subject,  though  this  will  scarcely  serve 
any  more  definite  purpose  than  that  of  awakening  a  desire  for 
further  knowledge. 

Some  relationship  certainly  seems  to  subsist  between  solar 

•  Month.  Not.,  vol.  xxvii.  p.  286.  June  •  Mitiheilunyen,  No.  10. 

1867.  **  Bibl.  Univ.  de  Oenitfe,  vol.  li.  p.  56. 

'  Phil.  Tranf.,  vol.  xci.  p.  316.      1801.       1844. 
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spoto  and  terrestrial  cloudiness  and  rainfall  Baxendell  considered 
that  diversities  of  solar  activity  are  to  be  regarded  as  causing 
changes  in  the  magnetic  condition  of  the  Earth,  and  so  producing 
dianges  in  the  directions  and  velocities  of  the  great  currents  of 
the  atmosphere  and  in  the  distribution  of  barometric  pressure, 
temperature,  and  rainfalL  ''The  future  progress  of  meteorology 
most  depend  to  a  much  greater  extent  than  has  been  generally 
supposed,  upon  the  knowledge  we  may  obtain  of  the  nature  and 
extent  of  the  changes  which  are  constantly  taking  place  on  the 
sar£ftoe  of  the  Sun  K" 

IL  Poey,  firom  an  elaborate  catalogue  of  tropical  storms,  going 
back  as  fieur  as  1750,  finds  evidence  of  12  storm  cycles  indicated 
by  12  epochs  of  frequent  and  severe  storms:  10  of  these  epochs 
of  wM^ximnm  atmospheric  disturbance  correspond  to  maxima  of 
Sun-spots.  With  respect  to  epochs  of  minima  the  coincidences 
are  less  noticeable ;  for  in  1 1  storm  minima  only  5  coincidences 
with  Sun-spot  minima  are  to  be  traced.  M.  Poey  notes  that 
years  marked  by  storm  maxima  generaUy  follow  by  one  or  two 
years  the  years  of  Sun-spot  maxima  \ 

A  Canadian  observer,  Mr.  A.  Elvins,  affirms  that  years  in  which 
roi^TiTnii.  and  minima  of  Sun-spots  occur,  are  distinguished  by 
general  cloudiness,  intermediate  years  being  appai-ently  much 
more  free  from  clouds.  He  further  states  that  records  of  the 
height  of  the  water  in  Lake  Ontario  extending  over  18  years 
indicate  that  a  relation  subsists  between  the  changes  in  the  Sun's 
surface  and  the  height  of  the  said  water.  This  latter  element  is 
to  be  viewed  of  course  as  indicative  of  the  amount  of  precipita- 
tion that  has  taken  place.  Mr.  Elvins's  general  conclusions  are 
that  years  of  maxima  and  minima  of  Sun-spots  are  years  of  small 
rainfall  and  low  temperature.  He  considers,  however,  that  the 
year  immediately  preceding  a  maximum  or  minimum  is  usually 
a  specially  wet  year.  If  future  observations  should  confirm  these 
ideas,  it  will  (among  other  things)  foUow  that  the  rainfall  curve 

<  See  the  lUtbiiGS  on  which  this  is  p.  249.     Feb.  1873. 
bated  in  Proe,  Lit,  and  Phil.  Soe.  of         ^  Coniptes  Rendus,  vol.  Ixxvii.  p.  1226. 

Manehmier,  vol.  xi.  p.   in.    Thej  are  1873. 
■ommariMd  in  Month.  Not.,  vol.  xzxiii. 
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is  more  abrupt  than  the  Siiii>spot  curve.  As  r^ards  there  being 
a  cycle  for  storms,  Elvins  confirms  Poey^ 

Some  investigations  by  an  American  meteorologist  named 
Brocklesby,  of  observations  extending  over  60  years,  have  led 
him  to  consider  that  in  3  cases  out  of  5,  years  of  maximnm  spot 
energy  are  years  of  excess  of  rainfaU ;  years  of  minimnm  spot 
enei^  to  the  number  of  5  being,  on  the  other  hand,  years  notice- 
able in  every  case  for  deficiency  of  rainfalL  He  thinks  that  his 
inquiries  justify  the  general  deduction  that  *'  the  rainiSdl  tends  to 
rise  above  the  mean  when  the  Sun-spot  area  is  in  excess,  and  to 
fall  below  when  there  is  a  deficiency  of  solar  activity"." 

Professor  C.  P.  Smyth  is  amongst  those  who  have  paid  much 
attention  to  the  subject  of  Sun-spot  cycles  and  terrestrial  tem- 
peratures. He  considers  that  a  great  wave  of  heat  passes  over 
the  Earth  "  every  1 1  years  and  a  fraction,  and  nearly  eoincidently 
with  the  beginning  of  the  increase  of  each  Sun-^pot  cycle  of  the  same 
1 1  -year  duration.  The  last  observed  occurrences  of  such  heat-wave 
(which  is  very  short-lived,  and  of  a  totaUy  different  shape  from 
the  Sun-spot  curve),  were  in  1 834-8, 1 846-4, 1 857-8, 1 868-8,  whence, 
allowing  for  the  greater  uncertainty  in  the  earlier  observation,  we 
may  expect,"  he  said,  writing  in  1872,  "  the  next  occurrence  of  the 
phenomenon  in  or  about  1880-0."  Somewhat  less  pronounced 
than  the  foregoing  is  the  extreme  cold  close  on  either  side  of  the  great 
heat-wave.  Professor  Smyth  further  said  in  1872:  "We  may 
perhaps  be  justified  in  concluding  that  the  minimum  temperature 
of  the  present  cold  wave  was  reached  in  1871-1,  and  that  the 
next  similar  cold  wave  will  occur  in  1878-8.''  Finally,  between 
the  dates  of  these  2  cold- waves  there  are  3  ^^ moderat^e'*  and  nearly 
equi-distant  heat-waves,  with  their  2  intervening  and  "  very 
moderate  "  cold- waves  **.  Prince,  however  (a  very  experienced 
meteorologist  as  well  as  astronomer),  says  that  he  does  not 
believe  in  any  weather  cycles  whatever,  though  he  admits  that 
"a  very  cold  wave  was  present  in  1879,"  and  that  "1880  was 
above  the  average,"  and  so  in  a  measure  confirms  Smyth. 

*  A»t.  Register,  vol.  x.  pp.   171,  221,       p.  447.     Dec.  1874. 
and  265.     1872.  n  ^a<«re,  vol.  v.p.  317.    Feb.  22,  1872. 

ro  SiUtman't  Journal,  3rd  Ser.,  vol.  viii. 
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Sto&e°,  making  use  of  observations  at  the  Cape  of  Good  Hope, 
extending  over  30  years,  and  Abbe  ',  of  observations  at  Manich 
extending  over  60  years,  have  both  traced  a  connection  between 
the  Son-epot  period  and  terrestrial  temperatures.  Stone's  con- 
dosion,  based  upon  a  comparison  of  corves,  is  thus  expressed  by 
himself: — "  I  cannot  bat  believe  that  the  same  cause  which  leads 
to  an  excess  of  mean  annual  temperature  leads  equally  to  a  dissi- 
pati<m  of  solar  spots."  Abbe's  conclusion  is  that  there  is  "a 
decrease  in  the  amount  of  heat  received  from  the  Sun  during  the 
prevalence  of  the  spots."    Observations  at  Oxford  (1864-70)  show 

Pig.    JO. 


that  the  mean  azimathal  direction  of  the  wind  there  varied  year 
by  year  through  a  range  of  58°  on  the  whole,  between  maximum 
and  minimum  of  Sun-spots,  the  tendency  of  the  wind  to  a  ve*/- 
teard  direction  increasing  with  the  increase  of  the  spots. 

The  only  other  observation  which  it  appears  necessary  to  cite 
here  is  by  Ballot  of  Utrecht-  He  tJiinks  he  has  established  (by 
means  of  thermometric  observations  made  at  Haarlem,  Zwanen- 
bonrg,  and  Dantzig,  during  a  great  number  of  yeara)  ihe  fact  that 

•iVof.Ri9'.&)c.,v(il.iix.p.39i.  1871. 

>  Siltiman'i  Joamal,  and  9«r.,  vol,  50.  p.  345.   Nov.  1870. 
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at  each  period  of  27-;^  (that  of  the  Sun's  vitual  axial  rotation) 
there  ia  in  these  localities  a  email  elevation  of  temperature,  and 
a  depresaion  at  the  intermediate  epochs. 

Rospecting  the  physical  nature  of  the  spotB  much  uncertainty  _ 
exists.     Up  to  a  comparatively  recent  period  the  generally  re>l 
ceived  opinion,  however,  was  that  first  enunciated  by  Professor  ■ 
Wilaon  of  Gla^ow  in  1779,  as  modified  by  Sir  W.  Herschel — 
namely,  that  the  Sun  is  surrounded  by  two  atmospheres,  of  which 
the^outer  one  is  luminous  (thence  usually  termed,  after  Sehrciter, 
the  piol-onjihi-re).  and  the  inner  one,  nearest  to  the  Sun's  surface, 


..  '8S4, 


non-luminous,  and  that  the  spots  are  rents  or  apertures  in 
these  atmospheres  through  which  wo  see  the  solid  body  of  the 
Sun,  otherwise  known  to  us  as  the  "  nucleus  "  of  the  spots.  This 
idea  is  supported  by  the  fact  that,  when  near  either  limb,  the 
spots  are  narrower  (fore-shortened)  than  when  seen  directly  in 
the  centre  of  the  disc.  The  lower  stratum  is  assumed  to  receive 
some  illumination  from  the  photosphere,  and  thus  to  appear 
pennmbral;  to  occupy,  in  the  matter  of  luminosity,  a  medium 
position  between  the  photosphere  reflecting  much  light,  and  the 
solid  matter  reflecting  (itlle,  or.  perhaps,  none  at  all.     The  tem- 
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poraiy  n>mov&l  of  both  the  strata,  but  more  of  the  upper  than  o 
the   lower,  he    conceived   to   be   effected   by  powerful   upwai 
atntnepheric  currenta,  the  origin  of  which  ia  unknown. 
howe«-er.  that  now  appears  certain  is  that  the  nucleus  of  a  spod 
is  lower  than  the  penumbra,  and  that  both  are  beneath  the  lovd 


Jol>  X.  July  7.  July  6.  July  5.  J 
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of  the  Solar  photoHpherc.     Detached  masses  of  luminous  matter  ' 
aru  seen  actually  to  croes  a  spot  without  producing  any  alteration 
in  H.     It  would  seem  alrto  that  tlii^  gases  in  the  space  occupied  J 
by  ft  spot  arc  at  an  appreciably  lower  tompeiature  than  those  inl 
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tho  brighter  parts  of  the  Sun, — and  this  for  the  present  represents 
practically  the  Hum  of  our  actual  knowle<Jge.  That  movements 
of  a  cyclonic  character  sometimes  occur  on  the  Sun,  is  sufficiently 
shown  by  a  well-linown  drawing  made  by  Seechi  on  May  5,  i  S54, 
of  a  spot  in  which  a  spiral  motion  is  perfectly  obvioos.  Above 
these  atmospheres  it  is  strongly  believed  that  a  thin  and  gaseous 
envelope  exists,  more  nearly  akin  to  what  we  understand  by  the 
word  '■  atmosphere  "  as  applied  to  the  envelope  which  surrounds 
the  Garth :  and  this  ttupposition  finds  confirmation  in  tho  fa^k;^ 


that  the  margin  of  the  Sun's  disc  is  in  general  less  luminoim 
than  the  centre — a  very  obvious  result  on  this  hypothesis. 

Fig.  22  is  a  rough  sketch  of  a  large  t>pot  on  the  Sun  seen  in 
June  and  July,  1 8R6,  with  the  naked  eye  by  various  observei-a ''. 

Fig.  23  is  a  representation  obtained  by  photography  at  Dehra- 
IJun  in  India,  in  1884,  of  a  spot  which,  having  arrived  at  tho 
limb  of  the  Sun,  esiubited  itself  as  a  depression  in  the  Sun's 
surface. 

As  regards  the  luminosity  uf  the  Snn'a  disc  at  the  edge  and  at 

P  L'JnrOHoini',  vol.  v.  p.  3S7.  Oct.  1886. 
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the  centre,  Laplace  gives  the  ratio  at  30  to  48 ;  Arago  at  40  to 
41.  Tbe  latter  figures  very  greatly  underrate  the  inequality. 
Secchi,  taking  the  centre  at  i,  said  that  the  margin  is  only  i^ 
or  ^^  as  bright.  He  said  that  at  times  he  found  himself  im- 
peded in  his  investigations  by  a  ruddiness  in  the  light  near  the 
limb.  Vogel,  the  most  recent,  and,  it  may  be  added,  the  most 
methodical  investigator  of  this  subject,  obtained  by  a  photo- 
graphic expedient  the  following  results ;  taking  the  Sun's  radius 
at  1%  and  the  brightness  at  the  centre  at  100,  the  brightness  was 
found  to  lessen  thus : — 

Centre  —    loo. 

4  «     96. 

8  =     77. 

i«  -     5*- 

Edge     «     13. 

ZoUner's  investigations  indicate  that  an  average  black  umbra 
of  a  Son-spot  is  4CX)o  times  as  bright  as  an  equal  area  of  surfiace 
on  a  foil  Moon.  This  conclusion  is  supported  by  the  spectro- 
scope, for  even  a  very  black  umbra  yields  a  spectrum  exhibiting 
all  the  details  of  fuU  sunlight^. 

Representing  the  general  brightness  of  the  Sun*8  disc  by  jgoo, 
according  to  Sir  W.  Herschel  that  of  the  penumbrse  is  469  and  of 
the  nuclei  only  7.  But  it  may  well  be  doubted  whether  all 
these  evaluations  are  not  too  fictitiously  precise,  however 
generally  correct. 

The  chemical  rays  given  out  by  difierent  parts  of  the  surface 
of  the  Sun  also  appear  to  be  of  unequal  power,  but  whether,  like 
tbe  rays  of  light,  they  vary  regularly  from  centre  to  edge,  seems  a 
moot  point. 

As  r^ards  the  rays  of  heat,  these  likewise  are  radiated  more 
from  the  centre  than  from  the  edges.  The  Polar  regions,  too,  are 
colder  than  the  Equatorial,  and  Secchi  has  shown  that  the  heat 
radiated  from  the  spots  is  less  than  that  from  the  disc  generally. 
Sir  J.  Herschel  believed  one  hemisphere  to  be  hotter  than  the 
other.  That  the  luminous  envelope  of  the  Sun  is  an  incandescent 
gas,  Arago*s  Polariscope  experiment  is  held  to  prove '.     Sir  John 

*  Sohellen,  Spectrum  Analy^tB,  Eng.  ed.  p.  293. 
''  See  hii  Pop,  Ast.,  vol.  i.  p.  419. 
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Herschel  showed  that  Arago's  experimentB  were  by  nQ  means 
conclusive,  but  spectroscopic  observations  have  brought  this 
matter  more  within  reach  of  demonstration. 

Schwabe's  observations  seem  to  indicate  that  at  epochs  of 
minimum  spot-display  the  Sun's  surface  is  more  uniformly 
bright  than  at  other  times;  that  is  to  say,  that  there  is  less 
absorption  or  enfeeblement  of  the  Solar  light  towards  the 
margin  of  the  Sun's  disc  than  is  usually  the  case. 

Spots  on  the  Sun  seem  to  have  been  discovered  by  J. 
Fabricius'  and  Galileo,  independently,  early  in  16 ii,  and  by 
Harriot,  also  independently,  in  December  of  the  same  year.  It 
will  readily  be  understood  that  the  observation  of  them  was  one 
of  the  first  discoveries  resulting  from  the  invention  of  the 
telescope^  though  as  spots  large  enough  to  be  visible  to  the 
naked  eye  are  now  and  then  visible,  they  were  occasionally  seen 
before  that  event.  Adelmus,  a  Benedictine  monk,  makes 
mention  of  a  black  spot  on  the  Sun  on  March  17,  807  ^  It  is 
also  stated  that  a  similar  spot  was  seen  by  a  Spanish  Moor 
named  Averroes,  in  the  year  1 161  ^  An  instance  of  a  solar  spot 
is  recorded  by  Haklujrt.  He  says,  that  in  December  1590,  the 
good  ship  '^  Richard  of  Arundell "  was  on  a  voyage  to  the  coast 
of  Guinea,  and  that  her  log  states  that  ^'  on  the  7  at  the  going 
downe  of  the  sunne,  we  saw  a  great  blacke  spot  in  the  sunne, 
and  the  8  day,  both  at  rising  and  setting,  we  saw  the  like, 
which  spot  to  our  seeming  was  about  the  bignesse  of  a  shilling, 
being  in  5  degrees  of  latitude,  and  still  there  came  a  great 
billow  out  of  the  southerboard*."  The  spot  was  also  observed 
on  the  i6**». 

The  natural  purity  of  the  Sun  seems  to  have  been  an  article  of 
faith  with  the  ancients,  on  no  account  to  be  called  in  question ; 
so  that  we  find  that  when  Scheiner  (who  was  a  Jesuit  at 
Ingolstadt)  reported  to  his  Superior  what  he  had  seen,  the  idea 

*  An  interesting  account  of  Fabricia8*8  «  Commentary  fm  the  Almagett,  quoted 
first  observations  of  »  spot  on  the  Sun  bj  Copernicus,  De  RtcoL  Orb.  CeL, 
will  be  found  in  Guillemin^s  Sun,  p.  127,      lib.  x. 

Eng.  £d.  ^  The  Principal  Navigations,  Voiages, 

*  Bede;  Polydorus  Vergilius,  Anglica  Trqffiquet,afuiDi*eonerie$  of  the  English 
Historic.  Nation,  Ac,  vol.  ii.  p.  1 3 1 .    Ix>ndon,  1 599. 
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-was  tnated  as  s  delusion.  "  I  have  read,"  replied  the  Superior, 
"Aiistotle's  writi&gB  from  end  to  end  many  times,  and  I  can 
asBnra  yon  that  I  have  nowhere  found  anything  in  them  ainiilar 
to  what  yoa  mention.  Qo,  my  son,  tranquillise  yourself;  be 
aaaored  that  what  you  take  for  spots  in  the  Snn  are  the  fault  of 
tile  glasses  or  of  your  own  eyes."  Scfaeiner  in  the  end,  thon^ 
p^mitted  to  pnblish  hia  opinions',  was  obliged  to  do  so  anony- 
mously, BO  great  were  the  difficulties  with  which  he  had  to 
eontend  as  a  member  of  the  Chnrch  of  Kome  desiring  to  cultivate 
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In  addition  to  spote,  streaks  of  light  may  frequently  be  re- 
marked upon  the  surface  of  the  Sun  towards  the  equatorial 
mai^gin  of  the  disc.  These  are  termed  facula',  and  are  generally 
found  near  spots  (just  outside  the  penumbne)  or  where  spots 
have  previously  existed  or  are  soon  about  to  appear;  when 
near  the  Umb  of  the  Sun  they  are  more  or  less  parallel  to  it. 
Tbey  are  of  irregular  form,  and  may  be  likened  somewhat  to 
certain  kinds  of  coral,  and  are  more  luminous  than  the  solar 


r  Ib   3  letton  Mldre««d  t 


>  Welxir, 
chief  ma^itnta  >t  Augaburg.  Printed 
oopia*  of  thau  letten  wtra  Mnt  to 
Galllao  uid  otber*.  Schrriner'i  well- 
known  JIo*>  f/rniM,  tc.  WM  of  Ut«r 
&U(l63o).  AUodlng  ta  thl*  vnonnoqi 
book.  Dalkmbn  taij%:   "Tbeie  are  few 


books  to  difliue  >nd  to  void  of  facta.  II 
containi  7S4  p*gai;  tbere  li  not  matter 
in  it  for  50  page*." — Biti.  Ail.  Mod., 
vol.  i.  p.  690.  Eitber  printing  mail  have 
been    cheap    or  authon   rich   in  thota 

■  J^UaJaerla,  a  torch. 
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sur&ce  surrounding  them.  Secchi  considered  them  to  be  not 
brighter  than  the  centre  of  the  Sun.  They  are  elevations  or  ridges 
in  the  photosphere,  as  is  proved  by  Dawes  having  seen  one  pro- 
ject above  the  limb  in  turning  the  (apparent)  comer  into  the  in- 
visible hemi6phere%  and  they  have  been  seen  on  photographs 
projecting  like  a  tooth  from  the  limb.  Sir  W.  Herschel  saw  a 
facula  on  December  27, 1 799, 2'  46"  or  74,cxx5  miles  long^  Faculse 
are  first  alluded  to  by  Galileo  in  his  third  letter  to  Welser^. 

Prominences  give  gaseous,  i.e.  bright  line  spectra ;  faculse  con- 
tinuous spectra.  Facuke  are  seen  in  high  latitudes  much  more 
frequently  than  spots  are. 

Short,  the  optician,  seems  to  have  noticed  during  the  eclipse 
of  July  14,  1748  (0.  s.),  that  the  surface  of  the  Sun  was 
covered  with  irregular  specks  of  light,  presenting  a  mottled 
appearance  not  unlike  that  of  the  skin  of  an  orange,  but  rela- 
tively much  less  coarse.  The  term  luculi^  has  been  applied  to 
the  constituent  specks.  This  may  perhaps  only  be  an  allusion, 
and  the  first  recorded,  to  the  ^'granulations*'  recognised  in 
modem  times. 

Schwabe  found  that  faculae  and  luculi  are  usually  absent  at 
epochs  of  spot  minima*. 

Of  late  years  the  Sun  has  received  an  unusual  amount  of 
attention  from  astronomers,  and  many  interesting  facts  have 
been  brought  to  light  concerning  its  physical  appearance '.  In 
1 860  Nasmyth  with  his  great  reflector  (alluded  to  hereafter)  ascer- 
tained, it  would  seem  for  the  first  time,  that  the  Sun*s  surface 
is  covered  with  a  tolerably  compact  agglomeration  of  entities, 
which  he  likened  to  willow  leaves  ;  that  is  to  say,  they  presented 
to  his  eye  an  appearance  similar  to  that  which  a  rather  thin  but 
flattened  layer  of  willow  leaves  might  be  expected  to  exhibit. 

As  an  acrimonious  controversy  arose  in  regard  to  this  alleged 
discovery,  it  may  be  fair  to  lay  before  the  reader  Nasmyth's  own 
statement  on  the  subject. 

*  IfontA.iVb^,  vol.  zx.  p.  56.   Dec.  1859.  •Month.    Xot,    vol.   xxvii.    p.   286. 

*>  Phil.  Trans.,  vol.  xci.  p.  284.     1801.  Jane  1867. 

<:  Istoria  e  Dimoftraxioni  intomo  alle  '  See  especially  a  paper  by  the  Rev. 

Maeehie  Solari,  p.  131.    Rome,  1613.  S.  J.  Perry  in  Aft.  Reg.,  vol.  xzii.  p.  257. 

^  Latin  lueuM,  a  shining.  Nov.  1884. 


Chap.  1  ]  The  Sun.  47 

"  Ib  <«d«  to  obtain  a  ntiarMota^  tiow  of  (haM  ramu'liftble  objeeti,  it  U  not  onl; 
n^oiiit*  to  aa)doj  »  teUaoopa  of  tcv;  ootuidsnbla  power  knd  parfaction  of  defining 
caf«UU9,  but  alao  to  mmke  the  oburrktion  at  >  time  when  the  ktmcwpbere  ii  nearly 
^■ha  banqnfl,  and  frM  bom  Uiom  ribntioiu  wbioh  lo  boqnently  interpoae  mort 


^^. 


"  sr*"*''?;,' 


OTKDOTURt     {Namyrh ) 

FKmking  iatennplioni  to  the  eSmti  of  tbo  obmreT ;  withoat  such  ooadJtioDt  m  I 
■Hade  to,  it  ii  hopelna  to  catch  OTen  a  glimpie  of  these  raraarkable  and  delicate 
dctaih  of  the  Kdar  loHiMie. 

"Hm  Uantent*  in  qoeatlon  are  leen,  and  appear  well  defined,  at  the  edgei  of  Uie 
>  eiitfaoc^  where  it  orerhanga '  the  pennmbra,'  ai  alao  in  the  detail*  of  the 
k  ilaelf,  and  mMt  eapeoiall;  are  tliej  wen  dearl;  defined  in  the  detaili  of 
'  tiM  bridge^'  a*  I  term  thoae  brigbt  etrealu  which  are  ao  &eqnentlj  aeen  atretching 
aena  baa  nda  to  lide  OTer  the  dark  part  of  the  apot.  ^  far  aa  I  haie  aa  ;et  had 
an  Offrntdsit;  of  ettimating  their  aotaal  magnitade,  their  aTorage  length  appears  to 
be  aboot  looo  mile*,  the  width  about  loo. 

"Tkere  appears  no  definite  or  ^mmetrical  arrangement  in  the  manner  in  which 
Ibay  *!•  Boattered  orer  the  enrlaoe  of  the  Snn  ;  theyjippear  to  be  aonxi  eaeh  other 
IB  all  poiBble  rarlet;  of  direotioni.  The  thlckneaa  of  the  lajer  does  not  appear  to  be 
T«7  deep,  a*  I  can  see  down  throogh  the  intentioei  which  are  left  here  and  tliere 
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kod  through  whicli  the  itarlc  or  penumbra]  stratum  ie  rendered  viaible. 
:e  of  the  infinite  nnmber  of  these  intersticea,  and  the  eonieiiiieiit 
Tidbilitf  of  \  oorrefipoiidiiig  portion  of  the  dark  or  penuinhnkl  atrntum,  tbnt  gives  to 
the  general  tolar  surface  that  peculiar  and  well-kaown  mottled  sppearance  which  hai 
for  a  long  time  beeo  ramiliar  to  the  obserrera  of  the  Sun. 

"  When  a  aolar  epot  is  mending  up,  ai  wat  the  case  with  the  one  represented. 
these  luminoua  filaments  or  wiUnw-leaf-shapcd  objects  (as  I  term  them)  are  seen  to 

Fig.  >6. 


l^F^ 


r^ 


t  ftom  ihe  eJgorf  ftuJ  til«i,,i  Hti,w-  tlie  ,|«.tr,  LiiLc  fi,iiiiii,y  ■  il,>-  LrJJt«<;  or 
bright  itreaks  acroB«  the  spots ;  if  these  are  carefuUj  observed  under  farourable 
conditions,  the  actual  form  ot  these  remarkable  details,  of  wbieh  '  the  bridges  '  are 
composed,  will  be  revealed  to  sight. 

"  Subsequent  observations  and  eonii derations  of  tbo  subject  have  not  cauwd  me 
to  desire  to  modify  or  alter  the  description  in  the  letter  above  referred  to  ' ;  bat  only 
to  confirm  ma  in  its  geiferal  correctness.  I  have  no  desire  to  embark  in  an; 
controversy  on  the  sobject,  as  I  prefer  to  leave  to  the  Sun  itself,  when  carefully 
observed  by  adequate  meaiui  and  on  favourable  ocoaalons,  the  complete  confirmation 
of  what  1  claim  t«  be  the  first  tu  discover,  delioente,  and  accurately  describe  in 
reference  to  the  structure  of  his  entire  liiiiiinuus  furfaee,  as  well  a*  the  precise  form 


•  jlfo«(A  Xol 


'.  p,  66.    Jan,  1864. 
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of  tlN  ilnietiixal  details,  whSeh,  from  thdr  general  similitiide  in  respect  to  form,  I  at 
eompered  witli  wiUow  Uave»  K** 


NasmytliB  views  were  much  canvassed.  Several  eminent 
observers  of  unquestioned  good  faith,  and  possessed  of  first-dass 
instroments  and  great  experience,  declared  the  alleged  conforma- 
tion of  the  solar  surfBtce  a  myth,  whilst  others,  equally  entitled 
to  be  heard  with  respect,  avouched  their  belief  -in  the  reality  of 
the  discovery.  I  believe  it  to  be  an  impartial  summing  up  of  the 
whole  case  pro  and  con  to  say  that  there  is  a  v^ry  general  agree- 
ment that  innumerable  detached  (?)  masses  of  unknown  nature 
are  scattered  over  the  Sun's  surface,  and  that  whether  "  willow 
leaves,**  "rice  grains,"  ** granulations,"  or  "shingle  beach"  be 
employed  to  designate  them,  is  rather  a  matter  of  taste  than 
evidence  of  substantial  variance.  Further,  that  in  the  main  they 
do  partake  of  an  elliptic  outline,  and  that  the  average  ratio  of 
the  axes,  whether  it  be  lo  to  i,  as  Nasmyth  first  had  it,  or  4,  3, 
or  2  to  1 9  as  other  observers  have  since  stated  it,  is,  after  all,  the 
main  point  concerning  which  issue  is  joined,  and  even  here 
apparent  discrepancies  may  be  ascribable  to  actual  physical 
change  in  the  bodies  themselves. 

Writing  from  Greenwich  under  date  of  February  25,  1864, 
Stone  made  the  following  remarks : — 

**  At  the  first  good  <^portanity  I  tamed  the  telescope  on  the  Sun.     I  may  state 
that   iDjr  impression   wm,  and  it  appears  to  have 
been  the  impression  of  several  of  the  assistants  here,  Fig.  27. 

that  the  wiUow  leaves  stood  ont  dark  against  the 
lominons  photosphere.  On  looking  at  the  Sun  I 
was  at  once  struck  with  the  apparent  resolvability 
<if  its  mottled  appearance.  The  whole  diw,  as  far 
as  I  examined,  appeared  to  be  covered  over  with 
relatively  bright  rice-like  particles,  and  the  mottled 
appearance  seemed  to  be  produced  by  the  inter- 
lacing of  these  particles.  I  could  not  observe  any 
particular  arrangement  of  the  particles,  but  they 
appeared  to  be  more  numerous  in  some  parts  than 
in  others.     1  have  used  the  words  rice-like  particles      .,  ^  «i 

.    ,    *^    ,  "  RICK-UKB       PARTICLES  8EKN 

merely  to  convey  a  rough  impression  of  their  form  ;  ^^  ^^^  ^^^      (Stone.) 

I  consider  them  like  the  figure. 

^  The  preceding  paragraphs  are  taken      himself,  with  a  brief  supplementary  note 
frr»m  a   letter  reproduced  by  Nasmyth       appended. 

E 
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"  1  hava  leen  thew  rioe-like  p»rtides  on  two  ooc«6lnna  since,  but  not  «o  well  ss  on 
the  first  da;,  when  the  delinitiDo  w&e  eic«ediiig1;  good.  Yesterda;  (Feb.  14)  I  iikw 
them  for  n  few  minutes,  but  with  great  difficnitj.  I  nae  the  full  ftperture.  iij 
ioohei,  and  a  low  power.  On  the  firrt  day  I  saw  them  [end  ot  January  1864]  I 
called  Mr.  DuDkin'i  attention  to  thetn.  He  appears  to  have  seen  them,  and 
conriiler*  the  Hgure  above  to  represent  them  fairly.  Ue  Bays,  however,  that  be 
thoald  not  have  noticed  them  if  bia  attention  had  not  bern  called  to  them  '," 

A  valuable  synopsia  of  the  question  wa«  presented  to  the  Royal 
Astronomical  Society  in  1866  by  Huggins''.  The  following  is 
a  brief  summary  of  ite  content* : — 

1.  Grontilf  is  the  best  word  to  describe  the  luminoue  particles 
on  the  Sun's  surface,  as  no  positive  form  is  thereby  implied. 

2.  The  granules  are  seen  aU  over  the  Sun,  inclmUng  {occaeion- 
ally)  the  surfaces  of  umbrte  and  penumbrie.  More  rarely  they 
can  be  detected  in  faculw. 

3.  With  low  powers  "rice  grains"  is  a  very  suitable  expres- 
sion for  these  granules,  but  the  regularity  implied  in  this 
designation  disappears  to  a  great  extent  under  high  magnifiers. 
There  is,  however,  undoubtedly,  a  general  tendency  to  an  oval 
contour. 

4.  The  average  size  of  the  more  compact  granules  is  1",  of 
those  more  elongated  i\",  a  few  might  be  3",  many  less  than  1". 
They  appear  to  be  not  flat  discs,  but  bodies  of  considerable 
thickness. 

5.  The  granules  are  sometimes  packed  together  rather  closely 
in  groups  of  irregular  and  straggling  outline  ;  at  other  times  they 
are  sparsely  scattered.  The  well-known  "  mottling "  arises 
wholly  from  the  latter  species  of  combination. 

6.  llie  Sun's  surface  is  by  no  means  uniformly  level  The 
whole  photosphere  appears  corrugated  into  irregulai'  ridges  and 
vales,  and  the  granules  are  possibly  masses  of  rather  dense  cloud- 
like matter  floating  about  in  the  photo.sphere,  considered  as 
composed  of  more  aeriform  matter.  If  the  granules  really  are 
incandescent  clouds,  their  general  oval  form  may  be  due  to  the 
influence  of  currents. 


'  Monli,  Nol.,  ToL  iiri.  p.  160.   May 


] 
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The  accoiDpanying  figure  [28]  shows  Home  of  the  most  charac- 
teristic modes  of  grouping  of   the  bright  granules  noticed  liy 
Hoggins  on  different  occasions   and   on  various   parts   of  the 
.  Sun's   surface,  brought  together,  however,  in  one  woodcut  for 
convenience  of  comparison. 

Fig.  18. 


Huygina  han  called  attention  t«  the  fact  that  Jai 
'  ginphs  of  1X77  discloKe,   amongst  other  important   features,  a 

frequent  tendency  of  the  granules  to  arrange  themselves  in  a 

Bpiral  form,  accompanied  by  more  or  less  loss  of  distinctness  of 
'  oatline  of  the  individual  granules.     The  same  observer  has  put 

on  record  the  fact  that  a  similar  appearance  was  noticed  by 

himself  as  long  ago  as  i  fl66 :— 
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"  Saw  dietinclly  the  granules.     A   apirHl  b»nd  of  doselj  ■ 


[Book  I 

liated   gr&nalOT, 


n  one  of  larger  liic  {&g.  i6].  In  one  aiea  near  the  centre  of  the  Sun'a  disk* 
tlie  ^snuUi  appeared  mere  elongated  than  UBual  [lig.  30],  rather  tpanely  scattered, 
and  the  larger  diametera  very  nearly  in  ths  game  direction.  In  neighboaring  area, 
the  granules  umaller  and  lesa  elongated.  Aniongat  these  no  general  direction  waa 
obMrved '." 


AXUaC  EVENT.     {SmggiM.) 


The  present  state  of  our  knowledge  respecting  the  physical 
constitution  of  the  Sun,  stated  as  shortly  as  possible,  is,  that 
the  central  solid  or  gaseous  body  of  the  Sun  is  surrounded  bj  a 
series  of  concentric  envelopes,  the  order  of  which  reckoning  out- 
wards is  as  follows : — 

(1)  The  j>/tofoijiAere,  the  visible  source  of  the  solar  light  which 
reaches  the  Earth,  defined  by  Young  as  a  "  shell  of  luminous 
clouds  formed  by  the  cooling  and  condensation  of  the  conden- 
sible  vapours  at  the  surface  where  exposed  to  the  cold  of  outer 
space." 

(2)  The  ckromoiphere,  a  thin  casing  of  self-luminous  gaaeoua 
matter,  chiefly  hydrogen  gas  in  an  incandescent  state,  and  the 
seat  of  the  solar  prominences  (formerly  known  as  the  "  red  flames  " 
and  seen  only  during  total  eclipses  of  the  Sun  until  Lockyer  and 
Janssen  independently  in  1868  conceived  the  idea  that  they 
might  be  rendered  visible  irrespective  of  the  Sun  being  eclipsed). 

1  ilonlA.  Kol.,  vol.  xnviii-  p.  101.    Jan.  1878. 
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(3)  The  corona^  a  vajst  shell  of  unknown  vapours  in  a  highly 
attenuated  ataie^  many  thousands  of  miles  thick,  and  oberved  to 
extend  to  at  least  \''  from  what  is  ordinarily  taken  to  be  the 
yisible  edge  of  the  Sun. 

Tacdbini  arrived  at  the  following  general  ideas  from  obser- 
vations made  by  him  on  281  days  during  1880. 

As  to  the  distribution  of  solar  phenomena  over  the  Sun's 
sm&ee:  The  spots  remain  near  the  equator  and  present  two 
wummm  between  the  parallels  lo""  and  20""  on  either  side.  At  the 
eqiialor  they  are  rare,  or  wholly  absent.  FaculsB  always  occur 
at  the  equator ;  they  show  maxima  between  ±  id"  and  +  30'',  and 
eome  nearer  the  poles  than  the  spots.  Protuberances  are  rare 
near  the  equator;  they  present  two  principal  maxima  between 
±50^  and  ±6o^  and  two  secondary  ones  in  the  latitudes  of  the' 
facolae  maxima.  They  reach  further  from  the  equator  than  the 
fiMmbe,  but  the  polar  caps  remain  free  of  them.  Of  the  two 
hemispheres  the  northern  showed,  during  1880,  the  greater 
activity. 

To  the  cloudy  stratum  giving  rise  to  the  penumbrse  Petit  assigns 
a  depth  exceeding  4000  miles.  On  the  other  hand,  Phillips  con- 
sidered 300  miles  a  probable  amount.  Neither  estimate  is  prima 
facie  entitled  to  much  consideration. 

Sir  W.  Herschel  supposed  that  one  of  the  hemispheres  of  the  Sun 
is  by  its  physical  constitution  less  adapted  to  emit  light  and  heat 
than  the  other,  but  the  grounds  of  this  conclusion  are  not  known. 

The  study  of  the  Sun  has  during  the  last  few  years  taken  a 
remarkable  start,  owing  to  the  fact  that  by  the  aid  of  the  spec- 
troscope we  have  been  enabled  to  obtain  much  new  information 
about  its  physical  constitution.  This  subject  being,  however,  a 
physical  rather  than  an  astronomical  one,  and  involving  a  great 
amount  of  chemical  and  optical  detail,  it  cannot  conveniently  be 
discussed  at  length  in  a  purely  astronomical  treatise,  though  some- 
thing will  be  said  concerning  it  later  on  in  the  portion  of  this 
work  dedicated  to  spectroscopic  matters. 
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THE  PLANETS. 

Epiiome  of  the  motion  of  ike  PlaneU. — Charaeterietic*  common  to  iketa  all. — 
Kepler't  Ituos, — SUmenU  of  a  Piameft  orbit, — CnriouM  relation,  between  the 
diHancee  and  the  period*  of  the  Planets, — The  Ellipee, — Popular  illustration 
of  the  extent  of  the  Solar  system. — Lode's  law. — Miscellaneous  eharacterisiic* 
of  the  Planets. — Curious  coincidences. — Conjunctions  of  the  Planets. —  Conjunc- 
tions recorded  in  History. — Different  systems. — The  Ptolemaic  system. — 
The  Egyptian  system. — The  Copemican  system. —  The  Tychonic  system. 

m 

4  ROUND  the  Sun,  as  a  centre,  ceitain  bodies  called  Planets* 
•^^^  revolve  at  greater  or  less  distances  ^  They  may  be 
divided  into  two  groups,  (i)  the  ^'inferior"  planets,  or  those 
whose  orbits  are  within  that  of  the  Earth,  namely  Vulcan  (?), 
Mercury,  and  Venus;  and  (2)  the  "superior"  planets,  or  those 
whose  orbits  are  beyond  that  of  the  Earth,  namely  Mars,  the 
Minor  Planets,  Jupiter,  Saturn,  Uranus,  and  Neptune. 

If  viewed  from  the  Sun  all  the  planets  would  appear  to  the 
spectator  to  revolve  round  that  luminary  in  the  order  of  the 
zodiacal  signs;  such,  however,  cannot  be  the  case  when  the 
observation  is  made  from  one  of  their  number  itself  in  motion, 
and  therefore  to  us  on  the  Earth  the  planets  appear  to  travel  in 
a  capricious  manner;  and,  further,  the  inferior  and  superior 
planets  differ  the  one  class  from  the  other  in  their  visible 
movements. 

The  Inferior  planets  are  never  seen  in  those  parts  of  the 
heavens  which  are  in  Opposition  to  the  Sun ;   in  other  woi-ds, 

•  vAoKi/ri/r,  a  wanderer.  reckoned  in  all  cases  from  the  centre  of 

"  The    distances  of   the   planets    are      the  Sun,  and  not  frt>m  its  tarface. 
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they  are  never  on  the  meridian  at  midnight,  being  always 
within  a  short  angular  distance  of  the  Sun,  to  the  £.  or  W.  of  it 
as  the  case  may  be.  Twice  in  every  revolution  an  inferior 
planet  is  in  Cofijunetian  with  the  Sun  [Fig.  31];  in  Inferior 
Comjuncliom  when  it  comes  between  the  Earth  and  the  Sun,  and 
in  Superior  Conjunction  when  the  Sun  intervenes  between  the 
Earth  and  the  planet.  When  it  attains  its  greatest  distance  (as 
we  see  it)  from  the  Sun,  K  or  W.,  it  is  said  to  be  at  its  Greatest 
tlongaiion^  K  or  W.,  as  the  case  may  be.  In  the  former  case  the 
planet  is  an  *'  evening  star,"  in  the  latter  a  "  morning  star." 

Fig.  31. 

SupeHar  <$. 

Inftrior  <J. 
PUA8B8  OF  AH  **  INFERIOR  "  PLAKET. 

Although  a  planet  always  truly  moves  in  the  order  of  the 
!>igns,  yet  there  are  periods  when  it  appears  stationary ;  sometimes 
even  periods  when  its  motion  appears  retrograde  or  reversed. 
These  peculiarities  are  owing  to  the  fact  that  the  Earth  has 
simultaneously  a  motion  of  its  own  in  its  orbit;  and  it  will 
readily  be  understood  that  they  are  only  apparent  and  not  real. 
They  also  obtain  with  the  superior  planets.  It  sometimes 
(thoagh  very  rarely)  happens  that  an  inferior  planet,  when 
in  Inferior  Conjunction,  passes  dii*ectly  between  the  Earth  and 
the  Sun,  and  is  consequently  projected  on  the  disc  of  the  latter, 
which  it  crosses  from  E.  to  W.:  this  phenomenon  is  termed  a 
iransit^.  Transits  will  be  considered  more  particularly  in  Book 
II  (/»#/). 

**  Tranuire,  to  go  acroM. 
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A  Buperior  planet  can  have  any  angular  distance  from  tiie 
Sun  not  greater  than  i8o°.  After  Btarting  from  Conjunction 
with  the  Sun  it  aucceesiTely  reaches  its  Eastern  Quadrature  (at 
an  angular  distance  of  90°);  and  ita  Opposition  at  180°.  Pro- 
ceeding onwarda  it  comes  to  its  Western  Quadrature,  370°  from 
Fig.3J. 


APTABEHT  IIOVBHKKTB  OF  tUBCOBT  BITWUN  170SAHO  1715. 

the  Sun  reckoxed  m  tie  direction  of  if^  motion,  but  only  90° 
reckoned  in  the  other  direction.  Another  stage  of  90°  hrings  it 
again  into  Conjunction.  A  planet  cannot  hare  a  greater  angular 
distance  &om  the  Sun  than  180°,  because  when  that  is  attained 
it  begins  to  approach  the  Sun  again  on  the  other  Eude,  for  an 
obvious  geometrical  reason. 

An  exhaustive  account  of  the  motions  of  the  planets  does  not 
fall  within  my  scope,  but  the  books  named  in  the  note  may 
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be  conBolted^.  How  complicated  these  motions  are  will  be 
readily  understood  by  an  inspection  of  Fig.  32,  which  represents 
the  apparent  movements  of  Mercury  amongst  the  stars  between 
the  years  1708  and  1715. 

There  are  certain  characteristics  common  to  all  the  planets, 
which  are  thus  enunciated  by  Hind :  ~ 

1.  Tkey  move  in  tke  same  invariable  direction  round  the  Sun; 
fieir  eour§e^  om  viewed  from  the  north  side  of  the  ecliptic^  being  con^ 
trary  to  the  motion  of  the  hande  of  a  watch, 

2.  They  describe  oval  or  elliptical  paths  round  the  Sun,  not  however 
differing  greatly  from  circles. 

3.  Their  orbits  are  more  or  less  inclined  to  the  ecliptic,  and  inter^ 
sect  it  in  two  points,  which  are  the  "  nodes;"  one  half  of  the  orbit  lying 
north,  and  the  other  half  south  of  the  Earth's  path, 

4.  They  are  opaque  bodies  lite  the  Earth;  and  shine  by  reflecting 
the  light  which  they  receive  from  the  Sun. 

5.  They  revolve  upon  their  axes  in  the  same  way  as  the  Earth. 
This  we  know  by  telescopic  observation  to  be  the  case  with  many 
planets,  and,  by  analogy,  the  mU  may  be  extended  to  all.  Hence  they 
wUl  have  the  alternation  of  day  and  night,  like  the  inhabitants  of 
the  Earth  i  but  their  days  are  of  diffei'cnt  lengths  to  our  own. 

6.  Agreeably  to  the  principles  of  gravitation,  their  velocity  is 
greatest  at  those  parts  of  their  orbit  which  lie  nearest  the  Sun,  and 
least  at  the  opposite  parts  which  are  most  distant  from  it ;  in  other 
words,  they  move  quickest  in  perihelion*,  and  slowest  in  aphelion^. 

From  a  long  series  of  observations  of  the  planet  Mars,  Kepler 
found  that  certain  definite  laws  might  be  deduced  relative  to  the 
motions  of  the  planets,  which  may  be  thus  stated : — 

1.  The  planets  move  in  ellipses,  having  the  Sun  in  one  of  th^  foci. 

2.  The  radius  vector  of  each  planet  describes  equal  areas  in  equal 
times. 

'  Sir  J.  Hencfaert  Outline*  of  Atl.,  greater  eccentricity  of  cometarj  orbita  : 

p.  301  ei  »eq. ;  Hind's  Introd.  to  AH.,  thus  the  velocity  of  Donati't  comet  at 

p,  6$  ei  $eq.  {yerj  good).  perihelion  is   127,000  milee  per  hour, 

*  w€fi  roond,  and  fjkiot  the  Sun.  but   at    aphelion   only  480    milee   per 

r  M  from,  and  HXiot.     The  fact  here  hour. — (Hind,  Letter  in  the  Timet,  Oct. 

leifaired  to  if  more  strikingly  manifest  35,  1858.) 
fai  th«  oaM  of  a  cornet^  owing  to  the 
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3.  Tie  iquare^f  of  ike  periodic  timet  of  the  planet 9  are  proportional 
to  the  cubes  of  their  mean  distances  from  the  Sun. 

These  laws  hold  good  for  all  the  planets  and  all  their  satellites. 
I  have  akeady  referred  in  general  terms  to  the  i"*  law ;  it  may, 
however,  be  desirable  to  say  that  the  orbit  of  a  planet  with  re- 
ference to  its  form,  magnitude,  and  position,  is  determined  by 
the  5  following  data  or  elements : — 

1.  The  longitude  of  perihelion,  or  the  longitude  of  the  planet, 
when  it  reaches  this  point, — denoted  by  the  symbol  tt. 

2.  The  longitude  of  the  ascewliug  node  of  the  planet's  orbit,  as 
seen  from  the  Sun. —  s . 
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3.  The  inclination  of  the  orbit ^  or  the  angle  made  by  the  plane  of 
the  orbit  with  the  ecliptic. — 4. 

4.  The  eccentricity. — c.     This  is  sometimes  expressed  by  the 
angle  <^,  of  which  c  is  the  natural  sine. 

5.  The  semi-axiS'Viajor,  or  mean  distance, — a. 

And  in  order  to  compute  the  place  of  a  planet  at  any  given 
moment,  we  further  need  to  know  : — 

6.  Its  periodic  time  (obtainable  from  (5)  by  Kepler's  3*^  law) ; 
and: — 

7.  Its  mean  longitude,  or  place  in  its  orbit,  at  a  given  epoch. 
Kepler's  2^^  law  will  readily  be  understood  from  the  annexed 

diagram.     Let  P  P^  P*  be  the  elliptic  path  of  a  planet,  and  let  it 
move  from  P  to  P\  from  P''  to  P^  and  from  P*  to  P*  in  equal 
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intervals  of  time ;  then  the  3  shaded  areas,  which  are  assumed  to 
oorreBpond  with  the  movement  of  the  radius  vector,  will  all  be 
equal  in  area 

The  3*^  law  involves  a  curious  coincidence,  which  may  be  thus 
expressed : — J/  the  squares  of  the  periodic  tim4i9  of  tfie  platiets  be 
divided  by  the  cube%  of  their  mean  distances  from  the  Suu^  the 
quotieuU  thus  obtained  are  the  mme  for  all  the  planets.  The  follow- 
ing table  exemplifies  this:  it  should  be  remarked,  however,  that 
the  want  of  exact  uniformity  in  the  fourth  column «  is  owing  to 
inexactness  in  the  observations  on  which  the  calculations  are 
based,  as  also  to  the  perturbations  which  the  planets  mutually 
exerdse  on  each  other  s  orbits : — 


Planet. 

ft 

/' 

VnUam?     

0'43 

19.7 

132716 

ncjTciiry 

0.38710 

87.969 

13.H31 

Venut 

0.723.^3 

324-701 

I 3341 3 

£uth 

1.00000 

365-356 

133408 

Man 

1-53369 

686.979 

133410 

Geres 

'•7769* 

167^-855 

132310 

Japiier 

5-»oi27 

4332  58is 

133394 

Satam       

9-53858 

10759  220 

133375 

Uranas 

1918239 

30686.821 

133433 

Nepiane    . 

30-03627 

60126.722 

133413 

This  law  also  holds  good  for  the  satellites**,  a.s  will  be  seen 
from  the  following  tables  calculated  for  the  purpose  of  exempli- 
fying it. 


THE  SATELLITES  OF  MARS. 

Xama. 

3.50 
6.00 

p 

0.319 
1.363 

736 II 

73733 

Phobot 



'  TIm  decimal  pointing  is  neglected  in 
ttU  emu  in  tbe  4U1  oolumn,  that  the  eye- 
apfticiatinin  of  the  ooinoidencei  may  not 
bt  interfered  with. 


i»  This  is  not  rigorously  true  when  the 
mass  of  the  primary  hafl  an  appreciable 
ratio  to  that  of  the  Sun. 
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THE  SATELLITES  OF  SATUBN. 


Name. 

m 

p 

a* 

Mimas        

EnoeliMlns 

Tethys        

Dione 

Bhea 

Titan 

Hyperion    

lapetns       

•  • 

•  • 

•  • 

•  • 

»  • 
1  •  • 

336 

4-31 

5-34 
6.84 

9-55 
22  14 

26.86 
64-54 

0.94 

1-37 
1-89 

2.74 
4-52 

15-95 
21.30 

79-33 

23295 

23443 

2345? 
23460 

23457 
23442 
23412 

23409 

THE  SATELLITES  OF  JUPITER. 


No. 

a 

P 

I. 

605 

1.77 

i4»47 

IL 

9.62 

3-55 

i4»56 

IIL 

15-35 

7-15 

14135 

IV. 

26.99 

16*69 

1 4168 

THE  SATELLITES  OF  URANUS. 


No. 

a 

P 

I. 

694 

2-51 

18848 

II. 

972 

414 

18664 

III. 

15.89 

870 

18909 

IV. 

2127 

13-46 

18827 

Kepler's  laws  are  the  foundation  of  all  planetary  astronomy, 
and  it  was  from  them  that  Newton  deduced  his  theory  of 
gravitation.  Arago  says:  "These  interesting  laws,  tested  for 
every  planet,  have  been  found  so  perfectly  exact,  that  we  do  not 
hesitate  to  infer  the  distances  of  the  planets  from  the  Sun  from 
the  duration  of  their  sidereal  revolutions ;  and  it  is  obvious  that 
this  method  of  estimating  distances  possesses  considerable  ad- 
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vantages  in  point  of  exactness ;  for  it  is  always  easy  to  detertaine 
prociflely  the  return  of  each  planet  to  a  point  in  the  heavens, 
while  it  is  very  difficult  to  determine  exactly  its  distance  from 
the  Son." 

Sir  J.  Herschel  discussed  the  theoretical  considerations  con- 
nected with  these  laws  with  great  perspicuity;  and  the  reader 
will  do  well  to  consult  his  remarks'. 

A  few  definitions  as  to  the  properties  of  an  ellipse  will  here  be 
appropriate. 

In  Fig.  54,  S  and  S'.  are  the  /aci  of  the  ellipse ;  A  C  is  the 
major  axis;  BD  the  minor  or  conji^ate  axis;  O  the  centre:  or, 
astronomically — O  A  is  the 

semi'-axis-major  or  m€an  dis^  ^'  ^^' 

tance^  O  B  the  semi-axis^ 
minor ;  the  ratio  of  O  S  to 
OA  is  the  eccentricity;  the 
least  distance,  SA,  is  the 
perihelion  distance ;  the  great- 
est distance^  SC,  the  aphe- 
lion distance,  SBO  is  the 
angle  ^  referred  to  on  p.  58. 
Where  an  eccentricity  is 
stated  in  the  form  of  a  vulgar 

fraction,  OS  is  the  numerator  and  OA  the  denominator.  A 
decimal  expression  is  to  the  like  effect. 

It  will  not  be  difficult  to  follow  in  the  mind  the  additional 
characteristics  of  a  planetary  orbit.  The  orbit  in  the  figure  is 
laid  down  on  a  plane  surface ;  incline  it  slightly  as  compared  to 
some  fixed  plane  ring  and  the  element  of  the  inclination  (as 
r^ards  its  amount)  will  present  itself.  (The  astronomical  fixed 
plane  in  this  case  is  that  of  the  ecliptic.)  Imagine  a  planet 
following  the  inclined  ellipse ;  at  some  point  it  must  rise  above 
the  level  of  the  fixed  plane :  the  point  at  which  it  begins  to  do 
so,  measured  angularly  from  some  settled  starting-point,  gives 
the  longitude  of  the  ascending  node.    Then  the  planet  s  position  in 

'  Outl\ne$  (ifA9i,,  pp.  32^-7. 
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the  ellipwj  when  it  cotnen  closest  to  the  principal  focus,  givfs  us, 
when  project»^cI  on  the  plane  ring,  the  pla«e  of  nearest  approach  to 

a 

the  focHB.  in  other  wonls,  the  /ongitmh  of  thr  prTiMiof.     Follffl 
ing  thette  Hteps.  it  is  not  a  matter  of  much  flifficulty  to  fon 
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genearal  eonoeption  of  a  pl&netaiy  orbit  in  spsce,  for  though  the 
method  is  ntfier  erode,  it  is  bo  far  atiictlj  accurate. 


The  following  scheme  will  assist  the  reader  to  obtain  a  fair 
notion  of  the  magnitude  of  the  planetary  system.     Choose  a 
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level  field  or  open  common ;  on  it  place  a  globe  2  feet  in 
diameter,  for  the  Sun;  Vulcan  (?)  will  then  be  represented 
by  a  small  pin's  head,  at  a  distance  of  about  27  feet  from  the 
centre  of  the  ideal  Sun;  Mercury  by  a  mustard  seed,  at  a 
distance  of  82  feet;  Venus  by  a  pea,  at  a  distance  of  142  feet) 
the  Earth  also  by  a  pea,  at  a  distance  of  215  feet;  Mars^by 
a  small  pepper-corn,  at  a  distance  of  327  feet ;  the  minor  planets 
by  grains  of  sand,  at  distances  varying  from  500  to  600  feet: 
if  space  will  permit,  we  may  place  a  moderate-sized  orange 
nearly  |-  mile  distant  from  the  central  point  to  represent  Jupiter; 
a  small  orange  7  of  a  mile  for  Saturn ;  a  full  sized  cherry  |  mile 
distant  for  Uranus;  and  lastly  a  plum  i|  miles  off  for 
Neptune,  the  most  distant  planet  yet  known. 

Extending  this  scheme,  we  should  find  that .  the  aphelion 
distance  of  Encke's  Comet  would  be  at  880. feet;  the  aphelion 
distance  of  Donati's  Comet  of  1858  at  6  miles ;  and  the  nearest 
fixed  star  at  7500  miles. 

According  to  this  scale  the  daily  motion  of  Vulcan  (?)  in  its 
orbit  would  be  4f  feet;  of  Mercury  3  feet;  of  Venus  2  feet; 
of  the  Earth  i|^feet;  of  Mars  i^feet;  of  Jupiter  10^  inches; 
of  Saturn  y^  inches ;  of  Uranus  5  inches ;  and  of  Neptune 
4  inches.  These  figures  illustrate  also  the  fact  that  the  orbital 
velocity  of  a  planet  decreases  as  its  distance  from  the  Sun 
increases. 

Connected  with  the  distances  of  the  planets.  Bode  of  Berlin  in 
1772  published  the  following  singular  'law'  of  the  numerical 
relations  existing  between  them,  which,  although  not  "-discovered 
by  him  but  by  Titius  of  Wittemberg  in  1766,  usually  bears  his 
name. 

Take  the  numbei*s — 

o    3    6     12     24    48    96     192    384; 

each  of  which  (the  second  excepted)  is  double  the  preceding; 
adding  to  each  of  these  numbers  4  we  obtain 

4     7     10     16     28    52     100     196    388; 
which  numbers  approximately  represent  the  distances  of  the 


'.-  niMfmOult/li^aMaift'iivilnrtprmmUVK^tvt; 
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pUnetB  from  ihe  Sun  expressed  in  radii  of  the  Earth*s  orbit,  as 
exhibited  in  the  following  table: — 


M6miTjf 
Vennt... 
EArth  .. 
Man  . 


Japiter 
Satani 
UrBDns 
Neptune 


True  Diatanoe 
fpom0. 

Dktanoe  by 
Bode's  Law. 

• 

3-87 

4*03 

7-33 

7.00 

lO-OO 

10.00 

15-33 

i6-oo 

27.66 

28-00 

5203 

53-00 

95-39 

ioo>oo 

191-83 

196.00 

300.37 

388.00 

Bode  having  examined  these  relations,  and  noticing  the  void 
between  16  and  52  (Ceres  and  the  other  minor  planets  not  being 
then  known),  ventured  to  predict  the  discovery  of  new  planets ; 
and  it  may  reasonably  be  believed  that  this  conjecture  guided  or 
suggested  the  investigations  of  subsequent  observers ;  though  some 
have  disputed  this  ^.  In  the  above  table  the  greatest  deviation 
between  the  assumed  and  the  true  distance  is  in  the  case  of 
Neptune.  We  may  sum  up  Bode's  law  as  follows: — That  the 
interval  between  the  orbits  of  any  two  planets  is  about  twice  as  great 
as  the  inferior  interval,  and  only  half  the  superior  one  ^ 

Separating  the  major  planets  into  two  groups,  if  we  take  Mer- 
cury, Venus,  the  Earth,  and  Mars  as  belonging  to  the  interior ; 
and  Jupiter,  Saturn,  Uranus,  and  Neptune  to  the  exterior  group, 
we  shall  find  that  they  differ  in  the  following  respects : — 


'  Ai  fvr  b«ck  at  450  B.C.  DemooritnB 
of  Abdera  thought  it  probable  that  even- 
tually  new  planets  would,  perhaps,  be 
diMxyrered.  (Seneca,  QiurH.  A^a^., lib.  vii. 
a^.  3  and  13.)  Kepler  was  of  opinion 
th*t  tome  planets  existed  between  the 
orbits  of  Mars  and  Jupiter,  but  too  small 
to  be  risible  to  the  naked  eye.  The  same 
philosopher  oonjectured  that  there  was 
anothr  planet  between  Mercury  and 
Veoiis. 


^  Many  attempts  have  been  made  by 
ingenious  dabblers  in  Astronomy  to  dis- 
cover other  arithmetical  coincidences 
formed  after  the  spirit  of  Bode*s  law. 
The  following  is  the  only  one  I  have  met 
with  which  deserves  reproduction.  Take 
the  series  o,  i,  2,  4,  8,  16,  32,  and  64: 
add  4  to  each,  and  the  resulting  figures 
represent  with  some  approach  to  accuracy 
the  relative  distances  of  the  satellites  of 
Saturn  from  their  primary. 


F  a 
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1.  The  interior  planets,  with  the  exception  of  the  Earth  and 
Mars,  are  not,  as  far  as  we  know,  attended  by  satellites,  while 
the  exterior  planets  ail  have  sateUites.  We  cannot  but  consider 
this  as  one  of  the  many  instances  to  be  met  with  in  the  universe 
of  the  beneficence  of  the  Creator — in  other  words,  that  the 
sateUites  of  these  remote  planets  are  designed  to  compensate  for 
the  small  amount  of  light  which  their  primaries  receive  from  the 
Sun,  owing  to  their  great  distance  fircm  that  luminary. 

2.  The  average  density  of  the  first  group  considerably  exceeds 
that  of  the  second,  the  approximate  ratio  being  5:1. 

3.  The  mean  duration  of  the  axial  rotations,  or  mean  length  of 
the  day,  of  the  interior  planets  is  much  longer  than  that  of  the 
exterior  ^ ;  the  average  in  the  former  case  apparently  being  about 
24^  but  in  the  latter  only  ic*'. 

In  the  Appendix  will  be  found  a  full  tabular  sunmiary  of 
information  concerning  the  Sun^  Moon,  and  Planets  brought 
up  to  the  latest  possible  date. 

The  following  coincidences  may  or  may  not  deserve  to  be 
mentioned : — 

1.  Multiply  the  Earth*s  diameter  (7912  miles)  by  108,  and  we 
get  854496  =  ±  the  Sun's  diameter  in  miles. 

2.  Multiply  the  Sun's  diameter  (852,584  miles)  by  108,  and 
we  get  92,079,072  =  ±  the  mean  distance  of  the  Earth  from  the 
Sun. 

3.  Multiply  the  Moons  diameter  (2160  miles)  by  108,  and 
we  get  233,280  =  +  the  mean  distance  of  the  Moon  from  the 
Earth. 

A  phenomenon  of  considerable  interest,  especially  on  account 
of  its  rarity,  is  the  conjunction,  or  proximity,  of  two  or  more 
planets  within  a  limited  area  of  the  heavens.  A  noticeable 
instance  is  depicted  in  Fig.  38.  It  occurred  on  the  morning  of 
July  21,  1859,  when  Venus  and  Jupiter  came  very  close  to  each 

"  This  can  only  be  presented  as  a  except  the  Earth  and  Man.    It  may  be 

general  conclusion  the  truth  of  which  presumed,  however,  that  sixe  has  more  to 

seems  probable ;    for  it  cannot  be  said  do  with  this  than  distance  from  the  Sun. 

with  any  great  confidence  what  are  the  (See  a  paper  by  Denning  in  the   Ob^ 

rotation   periods  of  any  of  the  planets  tertatofy,  vol.  vii.  p.  40,  Feb.  1884.) 
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otiier;  at  3**  44"  a.m.  the  distance  between  the  two  planets 
was  only  13",  and  they  accordingly  appeared  to  the  naked  eye  as 
one  oljeot. 

On  Aug.  9,  1886,  Venus,  Saturn,  and  B  Qeminonim  appeared 
in  the  same  field  of  the  telescope. 

During  Febniaiy,  1881,  Venus,  Jupiter,  and  Saturn  were 
all  in  the  constellation  Pisces,  and  within  a  few  degrees  of  one 
another. 

In  Sept.  1878,  Mercury  and  Venue  were  together  in  the  same 

Kg.38- 


field  of  the  telescope  for  uome  hours.  Venus  looked  like  clean 
Kilver;  Mercury  more  like  lead  or  zinc,  according  to  Nasmytb. 

On  Jan.  29,  1857,  Jupiter,  the  Moon,  and  Venus  were  in  a 
straight  line  with  one  another,  though  not  within  telescopic 
range. 

On  Dec.  19,  1845,  VenuH  and  Saturn  appeared  in  the  same 
field  of  the  telescope.     [See  Fig.  39.] 

On  Oct.  3,  1801,  Venus,  Jupiter,  and  the  Moon  were  in  close 
proximity  in  Leo,  and  Saturn  was  not  far  off. 

On  Dec  23,  1 769,  Venus,  Jupiter,  and  Mars  were  very  close 
to  each  other. 
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Ob  March    17,    i/Sj.   Venus,   Jnpiter.   Mare,   and    Mercu 
appeared  together  in  the  same  field  of  the  telescope. 

On  Nov   II,  1,544,  Venus,  Jupiter,  Mercurj-,  and  Saturn  wtx 
enclosed  in  a  space  of  10'. 

On  Is'ov.  1 1.  1524,  Venus.  Jupiter.  Mars,  and  Saturn  were  ^ 
close  to  each  other,  and  Mercury  was  only  16   distant 

In  the  years  1507,  1511,  iSjl.  1564,  1568.  1620,  1624,  1664, 

1669.  1709,  and  1765,  the  three  most  brilliant  planets — Venus, 

Mars,  and  Jupiter — were  very  near  each  other. 

r,e-  .19. 


On  Sept.  15,  1 1K6,  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn 
were  in  conjunction  between  the  Wheat-ear  of  Virgo  and  Libra. 

The  earliest  record  we  possess  of  an  occurrence  of  this  kind 

is  of  Chinese  origin.     It  is  stated  that  a  conjunction  of  Mars. 

Jupiter,   Saturn,   and   Mercurj',   in   the   constellation   SAi,   was 

assumed  as  an  epoch  by  the  Emperor  Chuen-hio,  and  it  has  been 

found  by  MM.  Desvignoles  and  Kirch  that  such  a  conjunction 

actually  did  take  place  on  Feb.  iH,  2446  B.C.,  between  10"  and  iH" 

of  Fisces  ".     Another  calculator,  De  Maiila,  fixes  upon  Feb.  9. 

■  BuUj,  Jilron.   Anrirnn',  p.   345.      p.  :(i6,  «id  Kirob'i  in  toI.  ».  p.  193  of 
De*T{i(no1e('i  ori){iTud    memoir  appesn      the  ume  feriei. 
in  ilfm.  dt  FAtad.  de  Birlin,  toI.  iii. 
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2441  B.C.,  aa  the  date  of  the  conjunction  in  question ;  and  he 
states  that  the  four  planets  named  above,  and  the  Moon  besides, 
were  comprised  within  an  arc  of  12°,  extending  from  15°  to  27° 
of  IHeoes.  It  deserves  mention  that  both  the  foregoing  dates 
precede  the  nsnally  received  date  of  the  Noachian  deluge.  It 
may  therefore  only  be  that  the  planetary  conjunction  in  question 
was  ascertained  at  some  subsequent  time. 
De  Mulla  gives  the  following  positions  " : — 


Mercory       344     56     16 

Jupiter         347       2     12 

The  Moon 353     18    21 

Satum         354    39    47 

Mars  356     45     " 

A  few  genera]  remarks  on  the  different  theories  of  the  solar 
system  whidi  have  at  various  times  been  current  will  appro- 
priately conclude  this  chapter. 

The  Plolemaie  tgtiem  claims  the  first  place  in  consequence  of 
ita  wide  acceptance  and  the 

fame     of     the    astronomer  ^"*°" 

whose  name  it  bears.  It 
would,  however,  be  more 
correct  to  say  that  Ptolemy 
reduced  it  into  shape  rather 
than  that  he  actually  origin- 
ated it  The  Earth  was 
regarded  as  the  centre,  and 
around  this  the  Moon  (  £ ), 
Mercury  (  $ ),  Venus  (  ?  ), 
The  Sun  (0),  Mare  (<?), 
Jupiter  ( 11  ),and  Satum(  >; ), 
all  called  planet*,  were  as- 
sumed to  revolve  in  the 
order  in  which  I  have  here  given  them. 

More    accurate    ideas  were,    however,    current    even  before 
•  ffirt.  Gin.  lU  la  CUiit,  voL  1,  p.  ISS- 
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Ttoitmj'a  tisM,  baC  thsf  fiaoBil  bw  soi^arten.  ArHiUrdiiiB 
at  Snoa,  «lio  Ereii  •boot  iJio  ijl,  sappaaeti.  Mending  to 
ArehiiDBdefl  ""H  Flntui:!!, 
tlwt  Ae  Eutb  rerolved 
mmd  dw  Son,  for  -which 
*hneBy'  he  was  aecaeed 
of  imptetj.  CleuitheB  of 
Amtm.  who  floari^ied  bat 
20  Teus  later,  was,  accord- 
ing to  Flntardi.  the  first 
who  soo^it  to  explain  the 
great  phenomena  of  the 
nniverse  by  sapposing  a 
motioD  of  tianBlati<Hi  on  the 
part  ot  the  Earth  around 
the  Son.  together  with  one 
of  rotation  on  its  own  axis. 
The  historian  relates  that  this  idea  was  so  novel  and  so  con- 
trary to  the  received  no- 
tions that  it  was  proposed 
to  amign  Cleanthes  also 
tor  impiety. 

The  Egyptian  tfttem  dif- 
fered from  the  Ptolemaic 
only  in  regarding  Mercury 
and  Venus  as  satellites  of 
iha  Son  and  not  primary 


Fig.  4i. 


A  long  period  elapsed 
before  any  new  liieories 
of  importance  were  started , 
but  in  the  16*''  century 
of  the  Christian  era  Coper- 
tticHt  came  forward  and  propounded  his  theory,  which  ulti- 
mately RUpetBeded  all  others,  and  is  the  one  now  (in  substance) 
adopted.     It  places  the  Sun  in  the  centre  of  the  system  as  the 
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point  around  which  all  the  primary  planets  revolve  It  must  not 
be  supposed,  however,  that  the  Polish  astronomer  attained  to  our 
existing  amount  of  knowledge  on  the  subject.  Far  from  it :  his 
ideas  were  defective  in  more  than  one  important  particular.  In 
order  to  account  for  the  apparent  irregularities  in  the  motions 
of  the  planets,  as  seen  from  the  Elarth,  he  upheld  theories  which 
subsequent  advances  in  the  science  showed  to  be  unnecessary 
and  to  rest  on  no  substantial  basis.  Amongst  other  things  he 
retained  the  theory  of  Epicycles.  The  ancients  considered  that 
the  planetary  motions  must  be  effected  uniformly  and  in  circles, 
because  uniform  motion  appeared  the  most  perfect  kind  of  motion, 
and  a  circle  the  most  perfect  and  most  noble  kind  of  curve. 
There  is  at  any  rate  a  reverential  spirit  in  this  idea  which,  not- 
withstanding our  enlightenment,  we  need  not  despise.  Copernicus 
announced  his  system  in  a  treatise  entitled  De  ^evolutionibu9  Orbium 
arlesfi^m,  the  actual  publication  of  which,  in  1543,  he  only  just 
lived  to  see,  for  he  died  the  same  year ;  for  him  this  was  perhaps 
fortunate  rather  than  otherwise,  because  the  work  was  condemned 
by  the  Papal  *  Congregation  of  the  Index.'  Had  it  been  possible 
for  the  reverend  gentlemen  who  formed  that  body  to  have  got 
the  author  within  their  clutches, 
it  is  more  than  likely  that  he  ^^'  ^^' 

would  have  suffered  as  well  as 
his  book  ;  as  did  Galileo  after 
him. 

Tycho  Brahewas  the  last  great 
astronomer  who  ventured  on  any 
original  speculations  in  this  field. 
Influenced  either  by  bond  fide 
scruples  resulting  from  an  erro- 
neous interpretation  of  certain 
passages  in  Holy  Scripture,  or 
it  may  be,  simply  by  a  desire  to 
perpetuate  his  name,  he  chose  to 

regard  the  Earth  as  immoveable,  and  occupying  the  centre  of  the 
system  :  the  Moon  as  revolving  immediately  round  the  Eaith : 
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and,  exterior  to  the  Moon,  the  Sun  doing  the  same  thing — the 
various  planets  revolving  round  the  latter  as  solar  satellit^-s. 

Kepler  and  Newton  finally  set  matters  right  by  perfecting 
the  Copemican  system,  and  so  negativing  all  the  others ;  yet 
down  to  (|uite  recent  times  there  have  survived  on  the  part  of 
utterly  ignorant  people  remnants  of  disbelief  (real  or  professed) 
in  the  Copemican  system,  but  even  the  most  cursory  examination 
of  these  remnants  would  be  most  unprofitable. 

Fig.  44. 


ii^^^-jitt^aag^tiL- 
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CHAPTEE    III. 

VULCAN  (]). 

Le  Verrier*s  imretiigation  of  the  aihii  of  Mercury, — Narrative  of  the  Discovery  of 
Vulcan. — Le  Terrier''*  interview  with  M.  LescarhauU, — Approximate  elements  of 
Vnlean. — Concluding  note  by  Le  Terrier, — Obserraiionn  by  Lummis  at  Man' 
ekeaier, — Inelanees  ofBodieeuen  travereing  the  Sun. — Hind's opinion^-^ Alleged 
Inira-Mereurial  planets  discovered  in  America  by  Watson  and  Swift  on  July 
9^  1878. 

"DEFORE  eDiering  upon  the  story  of  the  supposed  discovery  of 
-"^  a  new  planet  to  which  this  name  has  been  given,  a  brief 
prefatory  statement  seems  necessary. 

M.  Le  Yerrier,  having  conducted  an  investigation  into  the 
theory  of  the  orbit  of  Mercury,  was  led  to  the  conclusion  that  a 
certain  error  in  the  assumed  motion  of  the  perihelion  could  only 
be  accounted  for  by  supposing  the  mass  of  Venus  to  be  at  least 
tV  gi'^eater  than  was  commonly  imagined,  or  else  that  there 
existed  some  unknown  planet  or  planets,  situated  between 
Mercury  and  the  Sun,  capable  of  producing  a  disturbing  action. 
Li  laying  his  views  before  the  scientific  world  in  the  autumn 
of  1 859  %  Le  Vender  suggested  the  latter  theory  as  a  probable 
solution  of  the  difficulty  ^. 

On  these  views  being  made  public,  a  certain  M.  Lescarbault, 
a  physician  at  Orgeres,  in  the  Department  of  Eure-et-Loii*e, 
France,  came  forward  and  stated  that  on  March  26  in  that  yeai* 
(1859),  he  had  observed  the  passage  of  an  object  across  the  Sun's 

*  Compi.  Bend.,  toI.  xlix.  p.  379.  in  detail  by  Newcomb  in  Astron.  Papers 
1859.  for  use  ofAmer.  Naut.  Almanack,  vol.  i. 

^  Objectiont  to  this  theory  are  stated      p.  474.    Washington,  1883. 
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disc  which  he  ihoaght  might  be  a  new  planet,  bni  which  he 
did  not  like  to  announce  as  snch  until  he  had  obtained  a  con- 
firmatory observation :  he  related  in  writing  the  details  of  hi& 
observation^  and  Le  Verrier  determined  to  seek  a  personal 
interview  with  him. 

The  following  account  of  the  meeting  will  be  read  with 
interest. 

"  On  caQiiig  at  the  reridenoe  of  the  modest  and  imobtnuiTe  medical  practitioBer. 
be  refused  to  say  who  he  was,  bat  hi  the  most  abrupt  manner,  and  in  the  mo»t 
aathoritatiTe  tone,  began, '  It  b  then  joa,  Sh-t  vho  pretend  to  hare  obserred  the 
intra-Merennal  pUmet,  and  who  hare  eoaunhted  the  grare  offence  of  keeping  roar 
obsenration  secret  for  nine  months.  I  warn  joa  that  I  hare  eome  here  with  the 
intentioii  of  doing  jnstioe  to  jonr  jnetenaions,  and  of  demonstrating  either  that  jod 
hare  been  dishonest  or  deceired.  Tell  me  then,  ancqoiTocally,  what  joa  hare  seen.* 
The  doctor  then  explained  what  he  had  witnessed,  and  entered  into  all  the  particulars 
regarding  his  diseorerj.  On  speaking  of  the  roogh  method  adopted  to  ascertain  the 
period  of  the  first  contact^  the  astronomer  inquired  what  chronometer  he  had  been 
guided  bj,  and  was  naturally  enough  somewhat  surprised  when  the  physician  pulled 
oat  a  huge  cJd  watch  with  only  minute  hands.  It  had  been  his  faithful  companion  in 
his  professional  joomeys,  he  said ;  but  that  would  hardly  be  considered  a  satisfactory 
qualification  for  performing  so  delicate  an  experiment.  The  consequence  was,  that 
Le  Verrier,  evidently  now  beginning  to  conclude  that  the  whole  affiur  was  an  im- 
fiosition  or  a  delusion,  exclaimed,  with  some  warmth,  *  What,  with  that  old  watch, 
showing  only  minutes,  dare  you  talk  of  estimating  seconds?  My  suspicions  are 
already  too  well  founded.'  To  this  Lescarbault  replied,  that  he  had  a  pendulum  by 
which  he  counted  seconds.  This  was  produced,  and  found  to  consist  of  an  ivory  ball 
attached  to  a  silken  thread,  which,  being  hung  on  a  nail  in  the  wall,  is  made  to 
oscillate,  and  is  shown  by  the  watch  to  beat  very  neariy  seconds.  Le  Verrier  is  now 
puzzled  to  know  how  the  number  of  seconds  is  ascertained,  as  there  b  nothing  to 
mark  them  ;  but  Lescarbault  states  that  with  him  there  is  no  difficulty  whatever  in 
this,  as  he  b  accustomed  '  to  feel  pulses  and  count  their  pulsations,*  and  can  with  ease 
carry  out  the  same  principle  with  the  pendulum.  The  telescope  b  next  inspected, 
and  pronounced  satbfactory.  The  astronomer  then  asks  for  the  original  memoran- 
dum, which,  after  some  searching,  b  found  *  covered  with  grease  and  laudanum.* 
There  b  a  mistake  of  four  minutes  on  it  when  compared  with  the  doctor*s  letter, 
detecting  which,  the  tarant  declares  that  the  observation  has  been  falsified.  An 
error  in  the  watch  regulated  by  sidereal  time  accounts  for  this.  Le  Verrier  now 
wishes  to  know  how  the  doctor  managed  to  regulate  hb  watch  by  sidereal  time, 
and  b  shown  the  small  telescope  by  which  it  is  accomplished.  Other  questions  are 
asked,  to  be  satisfactorily  answered.  The  doctor's  rough  drafts  of  attempts  to  asoer- 
ta'n  the  distance  of  the  planet  from  the  Sun  *  firom  the  period  of  four  hours 
which  it  required  to  describe  an  entire  diameter  *  of  that  luminary  are  produced, 
chalked  on  a  board.  Lescarbault*s  method,  he  being  short  of  paper,  was  to  make  his 
calculations  on  a  plank,  and  make  way  for  fresh  ones  by  planing  them  off.  Not 
being  a  mathemaiidan,  it  may  be  remarked  he  had  not  succeeded  in  ascertaining  the 
distance  of  the  planet  from  the  Sun. 
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**  ne  end  of  i%  all  was,  that  Le  Verrier  became  perfectly  satisfied  that  an  intra- 
M«rearial  planet  had  been  really  discovered.  He  congratulated  the  medical  practi- 
tioncr  upon  his  discovery ,  and  left  with  the  intention  of  making  the  fscts  thus 
obtaiiiod  the  subject  of  fresh  calculatiomi  '.** 

In  March  or  April,  i860,  it  was  anticipated  that  the  planet 
would  again  pass  across  the  Sun,  which  was  carefully  scrutinised 
by  difibient  observers  on  several  successive  days,  but  no  trace  of 
it  was  obtained  then,  and  in  a  certain  sense  Lescarbault's  obser- 
vation continues  unconfirmed.  However,  this  proves  nothing, 
and  many  are  prepared  to  regard  the  existence  of  this  planet  as 
a  /(nd,  to  be  fully  demonstrated  on  some  future  occasion. 

The  follo^^ing  approximate  elements  were  calculated  by  Le 
Verrier  from  Lescarbault's  rough  observations :  - 

Longitude  of  ascending  node =  i  ^'^  59' 

Inclination  of  orbit        -  12°  10' 

Scmi-azis  major  ( 0  =  o)  ...  «  0'i43 

Daily  heliocentric  motion  =  i  S^  16' 

Period      ..  .  -~  I9«*i7*> 

Mean  distance ...  =  13,082,000  miles. 

Apparent  diameter  of  0  from  Vulcan. . .         =  3°  3^' 

Do.  do.  do.  ( ®  ^  I )  =  6.79 

Greatest  possible  elongation  . .  .  .  =8° 

The  application  of  Kepler's  third  law  yields,  as  has  already 
been  shown,  a  result  sufficiently  consistent  with  the  results  in 
the  cases  of  the  other  planets  to  demand  attention ;  but,  as  will 
now  be  seen,  some  additional  evidence  can  be  adduced  as  to  the 
reality  of  the  discovery,  much  as  it  has  been  called  in  question. 

On  March  20, 1862,  Mr.  Lummis,  of  Manchester,  was  examining 
the  Sun's  disc,  between  the  hours  of  8  and  9  a.m.,  when  he  was 
struck  by  the  appearance  of  a  spot  possessed  of  a  rapid  proper 
motion.  He  called  a  friend's  attention  to  it,  and  both  remarked 
its  sharp  circular  form.  Official  duties  most  unfortunately 
interrupted  him,  after  following  it  for  20" ;  but  he  had  not  the 
slightest  doubt  about  the  matter.  The  apparent  diameter  was 
estimated  to  be  about  7'',  and  in  the  20™  it  moved  over  about 
12'  of  arc.     The  telescope  employed  was  2}  inches  in  aperture, 

■  Epitomised  from  the  North  Britith      in  CotmoSy  vol.  xvi.  pp.  a  a -8,  i860;  see 
MetkWf  Tol.   xzxiii.  pp.  i-ao,  August,       also  Cotmoif  same  vol.  pp.  50-6. 
i860.    A  full  acoonnt  wiU  also  be  found 
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and  was  charged  with  a  power  of  80.  Mr.  Lummis  commuDicated 
with  Mr.  Hind  on  the  subject  of  what  he  had  seen;  and  the 
latter,  by  the  aid  of  the  diagram  sent,  determined  that  1%^  was 
too  great  an  estimate  of  the  arc  traversed  by  the  spot  in  the 
time,  and  that  6'  would  be  a  nearer  value  \ 

Two  French  calculators  deduced  elements  from  Lummis's 
observations:  the  orbits  which  they  obtained,  though  neces- 
sarily very  imperfect,  are  fairly  in  accord  both  with  each  other, 
and  with  Le  Verrier  s  earlier  orbit. 

The  first  result  is  adopted  from  Valz's  elements,  the  second 
from  Badau's. 


I. 


II. 


Longitade  of  Moending  node 

- 

a'' 5a' 

. . .        ■ 

Inclination  of  orbit 

« 

10°  21' 

— 

Semi-axis  major  (0  ^  i*o) 

— 

0.133' 

0.144 

Daily  heliocentric  motion 

= 

30°  33' 

...   i8°5' 

Period           

= 

17*13** 

I9<ia2^ 

Mean  distance  in  miles       

... 

13,076,000  . 

.    i3,i74»ooo 

From  the  heliocentric  position  of  the  nodes,  it  appears  that 
transits  can  only  occur  between  March  25  and  April  lo  at  the 
descending,  and  between  September  27  and  October  14  at  the 
ascending  node. 

Instances  are  not  wanting  of  observations  of  spots  of  a 
planetary  character  passing  across  the  Sun  which  may  turn  out 
to  have  been  transits  of  Vulcan  ^  The  following  are  a  selection 
of  these  instances. 

On  October  10,  1802,  Fritsch,  at  Magdeburg,  saw  a  round  spot 
pass  over  the  Sun.  In  3"  it  had  moved  2',  and  after  a  cloudy 
interval  of  4^  had  disappeared. 

On  October  9,  1819,  Stark,  at  Augsburg,  saw  a  well-defined 
and  truly  circular  spot,  about  the  size  of  Mercury,  which  he 
could  not  find  again  in  the  evening. 


^  Month.  Not,  vol.  xzii.  p.  333.  April 
1863.  Lummu  8  observations  were  very 
severely  criticised  by  Prof.  C.  H.  F.  Peters, 
who  claimed  to  have  identified  Lummis*B 
"planet^  beyond  question  with  a  par- 
ticular Sun-spot  recorded  by  himself  in 


America  and  by  Sporer  in  Europe.  {Ast, 
iS^ocA.,  vol.  xdv.  No.  3353,  April  16, 1879.) 
Certainly  Peters*s  argument  is  strong. 

*  MoiUh,  Not,  vol.  zx.  p.  100.  Jan. 
i860;  also  pp.  I93>4.  March,  i860; 
Webb,  Cdett,  Objects,  p.  40. 
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On  October  2,  1839,  Decuppis,  at  Rome,  saw  a  perfectly 
roiuid  and  defined  spot  moving  at  such  a  rate  that  it  would 
cross  the  Son  in  about  6  hours  '. 

On  October  11, 1847,  Schmidt  saw  a  small  black  point  rapidly 
pass  across  the  Sun. 

On  March  13,  1849,  Lowe  and  Sidebotham  watched  for  half 
an  hour  a  small  round  black  spot  traversing  the  Sun. 

On  October  14,  1849,  Schmidt  saw  a  black  body,  about  15^^ 
in  size,  pass  very  rapidly  from  East  to  West  before  the  Sun. 
^  It  was  neither  a  bird  nor  an  insect." 

In  the  works  whence  these  instances  are  cited,  others  are 
given ;  but,  though  suspiciously  suggestive  of  planets,  the  dates 
do  not  come  within  the  necessary  limits  for  them  to  have  been 
apparitions  of  Vulcan,  so  it  is  not  worth  while  to  transcribe 
them;  but  nevertheless  they  are  interesting,  and  worthy  of 
attention  s. 

Fig.  45  will  be  useful,  if  for  no  other  purpose,  as  a  warning  to 
observers  not  to  jump  too  hastily  at  conclusions  as  to  what  they 
see  with  their  telescopes.  On  November  30,  1880,  M.  Ricco  at 
Palermo,  whilst  making  his  customary  daily  observations  of  Sun- 
spots  with  a  telescope  of  3^  inches  aperture,  saw  a  swarm  of 
black  bodies  slowly  traverse  the  Sun's  disc.  He  thought  at  first 
that  he  had  the  singular  good  fortune  to  be  gazing  on  a  shower 
of  meteors,  but  sustained  attention  revealed  the  fact  that  the 
objects  seen  were  evidently  birds  with  wings.  Subsequent  con- 
sultation with  certain  zoologists  rendered  it  tolerably  clear  that 
what  M.  Ricco  saw  was  a  swarm  of  cranes.  Some  calculations, 
the  details  of  which  need  not  be  gone  into  here,  imply  that  they 
were  flying  at  an  elevation  of  5}  miles  ^, 

It  is  right  here  to  state  that  M.  Liais  asserts  that  being  in 
Brazil  he  was  watching  the  Sun  during  the  period  in  which 
Lescarbault  professes  to  have  seen  the  black  spot,  and  that  he  is 

'  Compiet   Rendut,   vol.  ix.  p.    809.  E.  Ledger*^  Lecture  on  Intra- Mercurial 

1839.  Planets f  8vo.  Cambridge,  1879. 

*  For  an  exhauBtive  Bumxnary  of  all  ^  V Astronomic^  vol.  vi.  p.  66.    Feb. 

t]i«  recorded  obeervatioiu  of  black  ob*  1887. 
JMto  feen  on  the   Son,    see  the  Rev. 
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poaitivfly  ceitain  that  nothing  of  the  kiml  was  viaiMe,  though 
the  telescope  he  oinployed  was  considerably  uioi-e  powerful  than 
that  of  the  French  physician.  He  adds  that  paiullaic  will  not 
explain  the  discrepancy'.  Thei-e  is,  however,  in  Liais's  paper 
Fig.  45- 


a  malicious  bitternese  of  tone,  presumably  intended  to  annoy 
Le  Verrier,  which  greatly  impairs  the  value  of  the  writer's 
testimony. 

Though  it  ia  the  fashion  to  repudiate  the  reality  of  Vulcan's 
existence,  yet  it  is  scarcely  prudent  to  dogmatise  on  the  subject 
aa  some  have  done,  cnnsideiing  that  an  astronomer  of  Hind's 
experience  leans  to  the  affirmative  side.     He  says: — 

"  It  i>  >  euDpici')!!*  circumetaiice  UiM  tbe  elements  u  r^ftrdu  die  plmee  aF  tlie  noAv. 
a  of  tbe  orbit  with  Ibe  ecliptic,  Uiil  it;  incUoktlon  Uierelu,  M 
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vockad  out  bj  M.  Va!!  of  ManeiUes,  from  the  data  I  deduced  from  a  diagram 
tewaided  to  me  bj  Mr.  LommiB,  are  strikingly  similar  to  those  founded  by  M.  Le 
YcfTier  upon  tbe  obtenrationsy  such  as  they  were,  of  Dr.  Lescarbault.  It  is  tme  if 
Ik*  plaea  of  the  node  and  inclination  were  precisely  as  given  by  this  astronomer,  the 
obJMi  which  was  seen  npon  the  Sim*s  disc  on  the  36th  of  March  could  not  have  been 
projeeted  npon  it  as  early  as  the  aoth  of  March.  But,  considering  the  exceedingly 
itN^  naiore  of  the  observations  npon  which  he  had  to  rely,  perhaps  no  stress  need 
be  piaoad  opon  tlie  oiroomstanoe.  Now  the  period  of  revolution  assigned  by  M.  Le 
y«Riw  from  the  observations  of  1859  was  19-70  days.  Taking  this  as  an  approxi> 
valiM  of  the  tme  period,  I  find,  if  we  suppose  57  revolutions  to  have  been 
batweeu  the  observations  of  Dr.  Lescarbault  and  Mr.  Lummis,  there  would 
ictnlt  A  period  of  19-81  days.  On  comparing  this  value  with  the  previous  observa> 
tions  im  Maieh  and  in  October,  when  the  same  object  might  have  transited  the  San 
al  tha  opposite  node,  it  is  found  to  lead  to  October  9, 1819,  as  one  of  the  dates  when 
Ike  hypotiietieal  planet  should  have  been  in  conjunction  with  the  Sun.  And  on  this 
▼wj  daj  GaBOB  Staric  has  recorded  the  following  notable  observation,— <  At  this 
tiMe  there  appeared  a  black,  well-defined  nuclear  spot,  quite  circular  in  form,  and  as 
laiKa  as  Mmnarj,  This  spot  was  no  more  to  be  seen  at  4.37  p.m.,  and  I  found  no 
of  it  later  on  the  9th,  nor  on  the  i  ath,  when  the  Sun  came  out  again.*  The 
tine  of  this  observation  is  not  mentioned,  but  appears  likely  to  have  been  about 
ese  of  Stark*s  nsoal  hours  for  examining  the  solar  disc.  Hence  I  deduce  a 
period  of  19-812  days.** 

In  the  communication  from  which  this  is  taken  ^  Hind  throws 
oat  suggestions  for  a  scrutiny  of  the  Sun  at  certain  dates.  It 
most  be  admitted  that  the  scrutiny  took  place  and  that  no 
planet  was  found,  and  here  the  matter  rests. 

Notwithstanding,  however,  the  strong  negative  evidence  then 
existing  against  the  existence  of  Lescarbault's  planet  Vulcan, 
Le  Yenier,  in  December  1874,  re-iterated  his  announcement 
that  the  orbit  of  Mercury  is  perturbed  to  an  extent  rendering  it 
necessary  to  augment  the  movement  of  the  perihelion.  He  put 
the  amount  at  31^^  in  a  century.  "The  consequence**  (he  said) 
^  IB  very  clear.  There  is,  without  doubt,  in  the  neighbourhood 
of  Mercury,  and  between  that  planet  and  the  Sun,  matter 
hitherto  unknown.  Does  it  consist  of  one,  or  several  small 
planets?  or  of  asteroids,  or  even  of  cosmic  dust  ?  Theory  cannot 
decide  this  point  K" 

Le  Verrier  died  in  1877,  and  the  question  had  in  great  measure 
gone  to  sleep,  when  some  observations  made  on  the  occasion  of 
the  eclipse  of  the  Sun  of  July  29,  1878,  brought  the  whole 

k  liOtter  in  the  Times,  Oct.  19,  1873. 

>  Compt  Mend.,  vol.  Ixzix.  p.  I434.  1874. 
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matter  again  before  the  scientific  world,  though  not  precisely  in 
the  same  shape. 

The  total  eclipse  in  question  was  visible  over  a  large  part  of 
the  western  regions  of  North  America.  Two  of  the  many 
Ameiican  observers,  Professor  J.  C.  Watson  and  Mr.  L.  Swift, 
applied  themselves  to  the  task  of  searching  for  Intra-Mercurial 
planets,  and  with  what  result  we  shall  now  see. 

Professor  Watson's  observations,  as  described  by  himself,  shall 
first  be  set  out  in  full : — 

'*  As  soon  as  the  total  phase  began,  I  commenced  a  systematic  sweep  for  objects 
visible  near  the  San.  From  my  previous  experience  in  work  of  this  character  I  had 
determined  not  to  undertake  to  sweep  over  too  mach  space.  Accordingly,  I  confined 
my  search  to  a  region  of  about  15**  in  Right  Ascension,  and  i^*'  in  breadth.  I  had 
previously  committed  to  memory  the  relative  places  of  stars  near  the  Sun  down  to 
the  seventh  magnitude,  and  the  chart  of  the  region  was  placed  conveniently  in  front 
of  me  for  ready  reference  whenever  required.  Before  the  totality  began,  I  examined 
the  regions  distant  frtnn  8°  to  15°  on  the  E«  side,  and  also  oii  the  W.  side  of  the  Sun, 
without  finding  any  stars.  As  soon  as  the  total  phase  had  begun  I  placed  the  Sun 
in  the  middle  of  the  field  and  began  a  sweep  by  moving  the  telescope  slowly  and 
uniformly  towards  the  £.  Then  I  retraced  the  path  thus  examined,  moved  the  tele- 
scope one  field  further  S.,  and  again  swept  out  and  back  over  a  distance  of  about  8°. 
In  the  first  of  these  sweeps  I  saw  d  Cancri  and  other  known  stars.  Then  I  placed  the 
Sun  again  in  the  field  and  swept  in  the  same  manner  towards  the  W.  Between  the 
Sun  and  B  Cancri,  and  a  little  to  the  S.,  I  saw  a  ruddy  star  whose  magnitude  I 
estimated  to  be  4^.  It  was  fully  a  magnitude  brighter  than  B  Cancri,  which  I  saw  at 
the  same  time,  and  it  did  not  exhibit  any  elongation,  such  as  might  be  expected  if  it 
were  a  comet  in  that  position.  The  magnifying  power  was  45  and  the  definition 
excellent.  My  plan  did  not  provide  for  any  comparison  difierentially  with  a  neigh- 
bouring star  by  micrometric  measurement,  and  hence  I  only  noticed  the  relation  of 
the  star  to  the  Sun  and  B  Cancri.  Its  position  I  proceeded  at  once  to  record  on  my 
circles  in  the  manner  I  have  described ;  and  I  recorded  also  the  chronometer  time  of 
observation.  This  star  was  denoted  by  a.  Previously  to  the  commencement  of  the 
total  phase  I  had  recorded  a  place  of  the  Sun  in  the  same  manner,  which  I  designated 
by  Si.  Having  made  the  record  I  assured  myself  that  the  pointing  of  the  telescope 
had  not  been  disturbed  in  the  least,  and  I  continued  the  search,  sweeping  out  to 
about  8°  W.  from  the  Snn.  Then  I  went  back  to  the  Sun,  moved  the  telescope  nearly 
one  field  S.,  and  swept  out  again  towards  the  W.  In  this  sweep  I  came  across  a 
bright  star,  also  ruddy  in  appearance,  which  arrested  my  attention,  and  for  fear  that 
the  Sun  might  reappear  before  I  could  make  an  examination  of  its  surroundings, 
I  determined  to  make  a  record  of  its  place  upon  my  circles.  This  I  next  proceeded 
to  do,  and  just  as  I  had  completed  the  record  the  Sun  reappeared.  This  object  was 
designated  by  &... 

"  On  September  15  I  examined,  with  the  same  telescope  and  magnifying  power 
used  in  the  eclipse  observations,  the  stars  in  this  part  of  Cancer,  with  the  moon 
in  the  western  sky  and  the  bright  twilight  in  the  E.,  so  as  to  obtain  as  nearly  as 
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powiWe  tlie  oomditions  of  Bky-illumlnation  which  existed  at  the  time  of  the  eclipse. 
HATing  a  Ttrj  diitinct  reoolleotion  in  respect  to  the  brilliancy  of  the  stars  which  I 
MiWy  and  by  obeenring  when  the  approaching  daylight  had  reduced  the  light  of  certain 
■Un  which  were  B.  of  the  Sun  at  the  time  of  the  total  eclipse,  so  as  to  be  just 
Tinble  in  the  teleseope  as  they  were  then,  I  have  been  enabled  to  form  a  still  more 
dfefiidte  opinion  of  the  relative  brilliancy  of  6  Cancri,  the  two  new  objects  which  I 
otMerred,  and  (  Gancri.  The  fainter  of  the  two  planets,  that  near  $  Cancri,  was  cer- 
tainly brighter  than  (  Gancri,  and  much  more  than  a  magnitude  brighter  than  its 
ndghboming  star.  I  am  inclined  to  think  that  (a)  should  be  classed  as  a  good  4th 
magnhodfl^  and  that  (b)  should  be  classed  as  a  3rd  magnitude,  at  the  time  of  the  ob- 

on  July  39.  It  is,  of  course,  impossible  to  determine  from  these  observa- 
the  planetary  character  of  the  stars  observed.  They  did  not  exhibit  such 
as  n^ght  be  expected  if  they  were  comets  near  the  sun  ;  and  since  theory 
the  existence  of  such  planets,  I  feel  warranted  in  expressing  the  belief 
thai  the  foregoing  observations  give  places  of  two  Intra-Mercurial  planets.  It  is 
trae  thai  they  were  not  so  bright  as  might  be  expected  if  they  were  of  sise  sufficient 
alone  to  aooonni  fur  the  outstanding  perturbations  of  Mercury,  but  it  should  be  re- 
membered that  thia  expectation  is  based  upon  the  assumption  that  the  reflecting 
pofwer  of  the  surfisoes  of  these  planets  is  the  same,  or  nearly  the  same,  as  that  of  Mer^ 
eury.  Kow  we  know  from  actual  observations  that  the  intrinsic  brilliancy  of  Mercury 
is  ioaiody  ^th  thai  of  Venus  when  reduced  to  the  same  distance,  and  hence  we 
eannot  safely  atsome  that  the  Intra-Mercurial  planets  must  have  the  same  relative 

that  they  would  have  if  their  surfaces  could  reflect  the  light  to  the 
extent  m  that  of  Mercury.  I  feel  assured  that  by  suitable  devices  these 
planetf  may  be  observed  in  full  daylight  near  their  elongations.  Whether  they  are 
idnntieal  or  not  with  moving  spots  which  have  been  seen  on  the  Sun*s  surface  at  dif- 
fsrent  times  it  does  not  yet  seem  possible  to  determine  ™.** 

Swift's  account  of  his  work  runs  as  follows : — 

*  I  reluctantly  broke  away  from  the  wondrous  scene  [the  Corona],  and  immedi- 
aidy  essayed  the  weU-nigh  hopeless  task  which  I  had  chosen — the  finding  of  an 
Intra-Merenrial  planet.  To  my  dismay  I  soon  found  that  I  had  forgotten  to  untie 
the  siring  holding  the  pole  in  place,  and  this  prevented  aU  search  E.  of  the  Sun,  as  if 
I  attempted  a  move  in  that  direction  the  lower  end  would  plunge  into  the  ground 
and  against  the  little  tufts  of  bufialo-grass.  It  is,  perhaps,  to  this  circumstance  alone 
thai  I  owe  the  discovery  of  Vulcan  some  5  minutes  after  its  detection  by  Professor 
Watson,  totality  having  terminated  at  his  station  before  its  commencement  at 


"  Almost  the  first  sweep  made  to  the  westward  of  the  Sun  I  ran  across  a  stars 
p'ssanting  a  very  singular  appearance,  each  having  a  red  round  disc  and  being  free 
fram  twinkling.    I  at  once  resolved  to  observe  these  with  great  care,    l^me  was 
prsdoQS  and  yet  6  questions  demanded  an  immediate  answer,  vis : 
1.  What  were  their  distances  from  the  Sun  ? 
3.  What  from  each  other  7 

3.  What  direction  fVom  the  Sun  ? 

4.  What  from  each  other  7 

■   Wathimgton  ObiervatioM,  1876,  App.  Ill,  "  ReporU  on  Total  Solar  Eclipses." 
pp.  119-23. 
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5.  What  tlie  nuigniinde  of  each  I 

6.  WhMi  9Un  were  they  f 

**  My  teleeoc^,  tiioogfa  eqii*toiiAlly  mounted,  hmd  no  oiidei,  mnd  consequently 
no  meMiiremente  were  poHible,  bat  I  endeAvoored  to  be  as  aoeurate  m  existing 
eixeonistAnoes  would  allow.     My  estimated  answers  were  as  follows : — 

I.  About  3^  from  Sun*8  eentra  to  midway  between  the  stars. 

a.  About  8'. 

3.  South  of  West. 

4.  They  were  both  on  a  line  with  the  Sun*s  centre. 

5.  Equal,  and  of  the  5th  magnitude. 

6.  Probably,  one  was  Theta  Ganeri ;  the  other  an  Intra-Mercurial  planet. 

' '  After  completing  these  obserrations  I  resumed  the  quest,  sweeping  again  southerly 
and  W.,  but  my  fettered  telescope  behaved  badly,  and  no  regularity  in  the  sweeps 
could  be  maintained,  and  I  was  surprised  to  find,  in  a  few  seconds,  a  stars  in  the  field 
answering,  in  CTery  particular,  to  the  above  description,  and,  sighting  along  the  top 
of  the  tube  on  the  outside,  as  in  the  first  instance,  I  found  they  were  the  same  objects. 
Again,  I  went  through  with  the  above  comparisons,  though  I  devoted  only  about 
one-fourth  of  the  time  given  on  the  first  occasion.  Pending  no  necessity  for  modi- 
fying any  of  the  above  estimates,  I,  for  the  third  time,  renewed  my  sweeps,  this  time 
nearly  along  the  ecliptic,  though  I  feared  to  go  too  fiur  to  the  W.  lest  I  might  not  be 
able  to  get  the  glass  back  again  to  make  a  third  and  final  observation  of  them,  and 
also  of  the  closing  scenes  of  totality.  I  could  place  no  dependence  on  the  sweeps, 
and  after  a  few  seconds  more  (though  it  seemed  longer)  had  them  again  in  the  field. 
This  proved  to  be  the  last  time.  I  again  asked  myself  the  already  twice  repeated 
questions,  but  found  no  appreciable  change  had  taken  place  between  the  first  and 
third  observations — an  interval  of  probably  i-^  minutes.  Again  I  searched,  but  saw 
nothing,  and,  recollecting  that  I  had  no  more  time  to  spare,  I  endeavoured  to  refind 
the  stars  for  a  last  observation,  but  unfortunately  a  small  doad  (the  only  one  within 
50*^  passed  over  them,  and  I  was  unsuccessfuL  I  saw  no  stars  but  these  1,  not  even 
Delta,  so  near  the  Eastern  limb  of  the  Sun.  As  soon  as  totality  was  ended,  I 
recorded  in  my  note-book  as  follows:  'Saw  2  stan  about  3^  S.W.  of  Sun, 
apparently  of  5th  magnitude  some  la'  apart,  pointing  towards  Sun.  Bed.*  On  my 
homeward  journey  the  thought  occurred  to  me  that  the  distance  between  the  stars 
was,  according  to  memory,  a  little  greater  than  half  that  between  Misar  and  Alcor, 
whatever  that  might  be.  Consulting  '  Webb*s  Celestial  Objects,*  I  found  they  were 
but  11^'  apart,  which  would  make  the  distance  of  the  two  stars  not  to  exceed  S',  instead 
of  I  a',  as  hastily  written  at  the  time.  While  scanning  them,  I  asked  the  mental 
question, '  What  star  looks  at  night  to  the  naked  eye  as  bright  as  do  these  through 
the  telescope  now! *  Instantly,  I  answered  'The  Pole-star.*  That  one  was  Theta 
Canori  is  in  the  highest  degree  probable,  and  the  other  a  planet  is  beyond  all  ques- 
tion, for  on  the  morning  of  the  loth  instant  I  observed  Theta  robbed  of  the  com- 
panion I  saw  during  the  eclipsed  Sun  ".** 

These  discoveries  were  hotly  canvassed  and  their  authenticity 
directly  called  in  question^  but  not,  I  think,  on  fair  or  adequate 
grounds.    It  will  be  worth  while,  however,  to  examine  the  details 

■  Washington  Ohservation$,  1876,  App.  Ill,  "Reports  on  Total  Solar  Eclipses/' 
p.  a  39. 


Chap,  m.]  Vulcan.  86 

of  the  controversy.  Watson's  idea  of  what  he  saw  may  be  thus 
expressed.  He  first  noticed  a  star  which  he  thought  was  b  Cancri, 
then  0  Cancri,  and  near  to  ^  an  unknown  body  which  he  de- 
signated a;  then  a  second  strange  object  (designated  b)  which 
he  saw  near  to  the  place  in  which  he  expected  to  find 
C  Cancri,  the  discovery  of  which,  because  he  presumed  it  to 
be  C  Cancri,  led  him  to  search  no  further  in  that  part  of  his 
field  of  view. 

The  theory  of  the  hostile  critic,  Professor  C.  H.  F.  Peters  **,  is, 
that  a  was  0  Cancri  and  b  was  (  Cancri,  and  that  some  error  in 
Watson's  circles  led  to  both  his  observations  being  vitiated  in 
the  same  direction  and  to  the  same  extent.  This  insinuation 
was  however  warmly  repudiated  by  Watson  p.  Peters  dealt  with 
SwiA*8  record  in  a  still  more  simple  fashion :  charged  him  with 
describing  objects  which  he  did  not  see  at  all,  and  implied  that 
he  concocted  his  alleged  discovery  after  the  publication  of  a 
telegram  from  Watson  I  Swift*s  reply  to  all  this  was  as  digni- 
fied as  it  was  emphatic  ^. 

Swifl;*s  observations  seem,  in  pai*t  at  least,  irreconcileable  with 
Watson's,  and  if  we  assume  the  reality  of  Swift's  2  planets  then 
Watson's  a  is  a  3"^  object  and  perhaps  his  b  a  4***,  so  that  in 
point  of  fact  the  2,  observers  in  question  would  seem  to  have 
discovered  between  them  4  lutra-Mercurial  planets,  which  is  in 
the  highest  degree  improbable.  Here  the  matter  rests ',  except 
that  the  observers  of  the  Total  Solar  Eclipse  of  May  6,  1883, 
say  that  they  saw  no  object  which  could  have  been  a  planet, 
althodgh  specially  searching  for  the  purpose  of  finding  a  planet, 
if  possible. 

*  Ati.  Naeh.^  toI.  xeiv.     No.    2353,      evidence  which  appears  in  the  Sidersal 

Apr.  16,  1879.  Messenger  (U.S.),  vol.  vi.  p.  196  (May, 

9  AM.   yaeh.y  toI.  zcv.     No.  2363,       1887),  seems  to  make  the  reality  of  #01110 

J  one  17,  1879.  discovery  perfectly  clear ;  on  the  contrary 

«  Asi.  Naok.^  vol.  xcv.      No.    2277,      side,  reference  maybe  made  to  remarks 

S^t.  17,  1879.  ^y  ^o^'  Yoong  in  Sid.  MeM.^  vol.  vi. 

'  A  summary  review  by  Colbert  of  the       p.  21,  Jan.  1887. 
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CHAPTER    IV. 


Pariod,  S^e.—Phatrt.—Pkytieat  ObttrrniHoat  hg  SckrUtr.  Sir  W.  il 
Bekiapartili  amd  Guiol.—Determimatioa  of  Of  Maa.—  Wi* 
^uaiMtamct  of  Iki  Amcientg  tciiJk  Jtercwry.^-Copermieut  al 
Verrier't  inrtttigatuna  a*  lo  lit  motiomt  vf  MeTctirf.—Taik 

TITEKCURY  is,  of  the  old  planets',  the  one  D 
-^'-*-  Sun,  round  which  it  revolves  in  Sy*  ij*"  15 
mean  dL^tance  of  35,95^1000  miles.  The  eccentri^t 
of  Uercury  amounting  to  0-205.  ^^^  distance  may 
to  43,347,000  miles,  or  fall  as  low  as  28^69,000 
apparent  diameter  of  Mercury  varies  between  4-5 
conjunction,  and  u-9"  in  inferior  conjunction:  a 
elongation  it  amounts  to  about  7".  The  real  diai 
about  3008  miles  or  leas'".  The  compression,  or  1 
between  the  polar  and  equatorial  diameters,  has 
considered  to  be  too  small  to  be  measureable,  b< 
J  848,  gave  it  at  ,',. 

Mercury  exhibits  /'iate»  resembbng  those  of  tt 
it«  greatest  EUongation  (say  W.)  half  its  disc  is  illi 
as  it  approaches  Superior  Conjunction  the  bre&dt 
minated  part  increases,  and  its  form  becomes 
ultimately,  when  in  Superior  Conjunction,  circular 
this  point  the  planet  is  lost  in  the  Sun's  rays,  aw 

■  la  cue  it  ihaiild  b«  tboDght  th>t  u  il  hu  been  thonglit  for  MTersI  nMoni 

thew   ftODounU  of  the   plnnet*   tn    de-  nndeiinible    to    encumber    the  Text    of 

iicient  in  Ft*Uilic»l  dat*,  it  ma^  here  be  Book  I.  with  too  nuu;  figures, 
remarked  thM  the;  arv  intended  to  be  »  An  American  obaerrer,  D.  P.  Twtd, 

read    in   eonneiion    wilh    the   tkbulaled  in  i83o.  put  it  nt  1971  milei. 
tUtie^''^  >n  the  Ajipendii  of  thi>  Tolume. 
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On  emerging  there&Dm  the  gibbous  form  is  still  apparent,  but  the 
gibbofiity  is  on  the  opposite  side,  and  diminishes  day  by  day  till 
the  planet  arrives  at  its  greatest  Elongation  £.,  when  it  again 
appeaa  like  a  half-moon.  Becoming  more  and  more  crescented, 
ii  approaches  the  Inferior  Conjunction ;  and  having  passed  this, 
the  cresoent  (now  on  the  opposite  side)  gradually  augments 
until  the  planet  again  reaches  its  greatest  W.  Elongation. 

Owing  to  its  proximity  to  the  Sun,  observations  on  the 
physical  appearance  of  Mercury  are  obtained  with  difficulty,  and 
are  therefore  open  to  much  uncertainty.  The  greatest  possible 
elongation  of  the  planet  not  exceeding  2f  45^  (and  it  being  in 
general  less),  it  can  never  be  seen  free  from  strong  sunlight*^, 
under  which  conditions  it  may  occasionally  be  detected  with  the 
naked  eye  during  i|^  or  so  after  sunset  in  the  spring  (E. 
Elongation)  and  before  sunrise  in  the  autumn  (W.  Elongation), 
shining  with  a  pale  rosy  hue.  With  the  aid  of  a  good  telescope 
equatorially  mounted,  Mercury  can  frequently  be  found  in  the 
daytime. 

Mercury  has  not  received  much  attention  from  astronomers  in 
the  present  day,  and  the  observations  of  Schroter,  at  Lilienthal, 
and  those  of  Sir  W.  Herschel,  are  the  main  sources  of  information. 
The  former  observer  and  his  assistant  Harding  obtained  what 
they  believed  to  be  decisive  evidence  of  the  existence  of  high 
mountains  on  the  planet's  surface :  one  in  particular,  situated  in 
the  Southern  hemisphere,  was  supposed  to  manifest  its  presence 
from  time  to  time,  in  consequence  of  the  Southern  horn,  near 
Inferior  Conjunction,  having  a  tfuncated  appearance,  which  it 
was  mferred  might^  due  to  a^mQA|ain  arresting  the  light  of 
the  Sun,  and  pr6#i6nting  it  from  rejwfcg  as  far  as  the  cusp 
theoretically  extuded^.  The  extent  of%is  tnmcature  would 
serve  to  determBe  the  height  of  the  moimtain  occasioning  it, 

*  When  Mercury's  ^Bngation  is  the      greatest  possible  Elongation  is  a  W.  one 
poasible,  ^e  pflRiet^s  position  is      which  happens  at  the  beginning  of  April. 


/ 


(in  Sagland)  S.  of  the  Sun,  an^  there-  The  least  (17°  50')  an  Elongation  (also 

§on  the  ehanoes  of  seeing  it  are  not  so  W.)  which  happens  at  the  end  of  Sep- 

good  as  when  an  Elongation  coincides  tember. 

with  amoro  Northerly  position,  albeit  the  ^  This  has  also  been  seen  by  Noble 

is   less    considerable.    The  (^#^.  JZf^M^tfr^vol.ii.p.  106.  May  1864). 
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which  has  been  set  down  at  107  miles,  an  elevation  far  ex- 
ceeding, absolutely,  anything  we  have  on  the  Earth,  and  in  a  still 
more  marked  degree  relatively,  when  the  respective  diameters 
of  the  2  planets  are  taken  into  consideration.  Schroter,  pursuing 
this  inquiry,  announced  that  the  planet  rotated  on  its  axis  in 
24^  S^  48'.  Sir  W.  Herschel  was  unable  to  confirm  these  re- 
sults either  in  whole  or  even  in  part*,  and  the  alleged  period 
of  rotation  we  are  justified  in  considering  to  be  wholly  a 
myth,  so  far  at  least  as  ohervatian  is  cemcemed.  Schiaparelli 
considers  Schroter's  rotation-period  to  be  "very  far  from  the 
truth;* 

Denning  and  Schiaparelli  think  that  Mercury  is  more  easy  to 
observe  than  Venus,  and  that  its  physical  aspect  resembles  that 
of  Mars  more  than  any  other  planet.  Schiaparelli's  most  suc- 
cessful observations  have  been  obtained  with  the  planet  near 
Superior  Conjunction,  when  the  defect  of  the  diameter  was 
compensated  for  by  the  fact  that  nearly  the  whole  disc  was  to  be 
seen.  In  such  position  it  is  then  more  strongly  illuminated 
than  at  epochs  of  quadrature. 

Dennings  observations  above  alluded  to  were  made  on 
November  6,  7,  9,  10,  1882,  with  a  lo-inch  reflector,  power  212. 
He  says: — 

**  Some  dark,  irregular  epots  were  diBtinctly  seen  apon  the  planet ;  also  a  small 
brilliant  spot,  and  a  large  white  area  between  the  E.  N.  £.  limb  and  terminator. 
The  Boath  horn  was  also  much  blonted,  espeoiaUy  on  the  two  first  dates  of  observation. 
My  results  have  led  me  to  infer  that  the  markings  npon  Mercury  are  far  more 
decided  and  easily  discernible  than  those  of  Venus;  and  that  the  aspect  of  the 
former  planet  presents  a  close  analogy  to  the  physical  appearance  of  Mars.  The 
rotation-period  given  by  Schroter  seemed  too  short  to  conform  with  the  relative 
places  of  the  markings  as  I  delineated  them  on  the  several  dates  referred  to '." 

Denning  elsewhere  ^  states  that  the  large  white  area  in  ques- 
tion had  in  its  centre  a  very  briUiant  small  spot,  "with  luminous 
veins  or  radiations  extending  over  the  whole  area.'* 


*  But  it  must  not  be  forgotten  in  this  '  Month.    Not,    vol.    xliii.    p.    301 . 

connection  that  Sir  William  was  never  March  1883. 

amicably    disposed    towards    Schroter.  '  ObservtUory,    vol.  vii.   p.  4a   Feb. 

(See  Holden*s  Ltfe  and  Work$  of  Sir  1884. 
W,  Herschel,  p.  91.) 
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FigK.  46^7  represent  the  planet  Heroury  as  seen  before  snn- 
iM  in  the  antamn  of  1885. 

The   obeervgr  remarked  the  tmncated  fonn   of  hpth  of  the 

wnm  on  tho  former  occaBion,  and  of  the  Southern  bom  on  the 

after  oocasion.     He  makes  no  mention  of  any  shading  or  spots. 

Kg.  4fi.  Fig.  47. 


r.i;,  1885,  *r  s»  is"  A".  (O»io(.>  »bit.  jj,  1885,  at  5"  30'"  i.M.  (Sniof.) 

The  phases  of  Mercury  are  noticeable,  as  it  has  sometimes 
been  found  that  the  breadth  of  the  illuminated  portion  is  less 
Uian  according  to  calculation  it  should  be.  This  does  not  rest 
on  the  testimony  of  Schroter  alone,  but  is  supported  by  Beer 
and  Madler,  ftvnn  an  observation  made  on  September  29,  1 832. 

Mercury  is  not  known  to  be  possessed  of  an  atmosphere ;  and 
if  one  exists,  it  must  be  very  insignificant.  Sir  W.  Herschel, 
eontradicting  Schroter  and  Harding,  pronounced  against  its 
existence,  and  Zdlhior  ft'om  photontelric  experiments  on  reflec- 
tion ^m  the  surface  of  Mercury  generally,  thinks  that  there 
rannot  be  any  atmosphere  sufficient  to  reflect  the  light  of  the 
Sun.     [But  see  Book  II.,  Chap.  X,,  "  Transits."  pott.] 

Mercury  is,  as  far  as  we  know,  attended  by  no  satellite,  and 
the  determination  of  its  mass  is  a  difficult  and  uncertain 
problem.     However,  the  small  comet  of  Encke  has  furnished  the 
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means  of  learning  something,  and  from  considerations  based  on 
the  disturbances  effected  in  the  motion  of  this  comet  by  the 
action  of  Mercury,  it  has  been  calculated  by  Encke  that  the 
mass  of  the  latter  is  tvittti  that  of  the  Sun.  Le  Verrier  gives 
ismfimnf ;  Littrow  iir^iFiir ;  ^^  Madler  tftJ^^^  ;  but  Newcomb 
has  fixed  on  a  fraction  widely  different  from  all  these,  namely, 

The  ancients  were  not  only  acquainted  with  the  existence  of 
this  planet  ^  but  were  able  to  ascertain  with  considerable  accu- 
racy its  period,  and  the  nature  of  its  motions  in  the  heavens. 
"  The  most  ancient  observation  of  this  planet  that  has  descended 
to  us  is  dated  in  the  year  of  Nabonassar  494,  or  60  years  after 
the  death  of  Alexander  the  Great,  on  the  morning  of  the  19th 
of  the  Egyptian  month  Tiotif  answering  to  November  15  in  the 
year  265  before  the  Christian  era.  The  planet  was  observed  to 
be  distant  from  the  right  line  joining  the  stars  called  /3  and  h 
in  Scorpio,  one  diameter  of  the  Moon ;  and  from  the  star  /3  two 
diameters  towards  the  North,  and  following  it  in  Right  Ascen- 
sion. Claudius  Ptolemy  reports  this  and  many  similar  observa- 
tions extending  to  the  year  134  of  our  era,  in  his  great  work 
known  as  the  Almagest  */' 

We  have  also  observations  of  the  planet  Mercury  by  the 
Chinese  astronomers,  as  far  back  as  the  year  118  a.d.  These 
observations  consist,  for  the  most  part,  of  approximations 
(appulses)  of  the  planet  to  stars.  Le  Verrier  tested  many  of 
these  Chinese  observations  by  the  best  modem  tables  of  the 
movements  of  Mercury,  and  found,  in  the  greater  number  of 
cases,  a  very  satisfactory  agreement  Thus,  on  June  9,  118  a.d. 
the  Chinese  observed  the  planet  to  be  near  the  cluster  of  stars 
usually  termed  Pnesepe,  in  the  constellation  Cancer;  calcula- 
tion from  modem  theory  shows  that  on  the  evening  of  the  day 
mentioned  Mercury  was  less  than  1^  distant  from  that  group  of 
stars. 

"Although  the  extreme  accuracy  of  observations  at  the  present 

^  Pliny,  Hist.  NaL,  lib.  ii.  cap.  7  ;  Ciceroi  De  Saiurd  Deorum,  lib.  ii.  cap.  io. 
1  Hind,  Sol.  S^9t.,  p.  33. 
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day  renders  it  unnecessary  to  use  these  ancient  positions  of  the 
planets  in  the  determination  of  their  orbits,  they  are  still  useful 
as  a  check  upon  our  theory  and  calculations,  and  possess,  more- 
over, a  very  high  degree  of  interest  on  account  of  their  remote 
antiquity  V 

La  Place  said : — "  A  long  series  of  observations  were  doubtless 
necesBary  to  recognise  the  identity  of  the  two  bodies,  which  were 
seen  alternately  in  the  morning  and  evening  to  recede  from  and 
approach  the  Sun :  but  as  the  one  never  presented  itself  until  the 
other  had  disappeared,  it  was  finally  concluded  that  it  was  the 
same  planet  which  oscillated  on  each  side  of  the  Sun/'  Arago 
considered  that  "This  remark  of  La  Place's  explains  why  the 
Greeks  gave  to  this  planet  the  two  names  of  Apollo,  the  god  of 
the  day,  and  Mercury,  the  god  of  the  thieves,  who  profit  by  the 
evening  to  commit  their  misdeeds.*' 

The  Greeks  gave  Mercury  the  additional  appellation  of  6  SriX- 
/Sttr,  **the  Sparkling  One."  When  astrology  was  in  vogue,  it 
was  always  looked  upon  as  a  most  malignant  planet,  and  was 
stigmatised  as  a  sidtis  dolMum,  From  its  extreme  mobility 
chemists  adopted  it  as  the  symbol  for  quicksilver. 

It  is  rather  difiicult,  in  a  general  way,  to  see  Mercury,  and 
Copernicus,  who  died  at  the  age  of  70,  complained  in  his  last 
moments  that,  much  as  he  had  tried,  he  had  never  succeeded  in 
detecting  it ;  a  failure  due,  as  Gassendi  supposes,  to  the  vapours 
prevailing  near  the  horizon  on  the  banks  of  the  Vistula  where 
the  iUustrious  philosopher  lived.  An  old  English  writer,  of  the 
name  of  Goad,  in  1686,  humorously  termed  this  planet  "a 
squirting  lacquey  of  the  Sun,  who  seldom  shows  his  head  in 
theee  parts,  as  if  he  were  in  debt." 

When  speaking  on  a  previous  page  (see  p.  75  ante)  of  the  planet 
Vulcan,  mention  was  made  of  Le  Vender's  conclusion  that  the 
motion  of  Mercury's  perihelion  was  influenced  by  some  unknown 
cause  of  disturbance.  Not  to  discuss  this  matter  at  length  here 
it  may  be  stated  that  Newcomb  has  given  it  as  his  opinion  that 
the  discordance  between  the  observed  and  theoretical  motions 

^  Hind,  Sol.  Sy»1.j  p.  33. 
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of  the  perihelion  of  Mercury  first  pointed  out  by  Le  Verrier 
really  exists,  and  is  indeed  larger  than  he  supposed  \ 

In  computing  the  places  of  Mercury,  the  Tables  of  Baron  De 
lindenau,  published  in  1813,  were  long  employed,  but  they  are 
now  superseded  by  the  more  accurate  Tables  of  Le  Verrier  ". 

1  Antron.  Paper*  for  use  qf  Amer.  ^  Annates  deF Obe.de Parti,  M6moiret, 

Nami.  Almanack,  roi,  i.  p.  473 ;  i88a.         toI.  t.  p.  i  ;  185^ 
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VENUS. 


Prriod,  (fv, — PXa-n  rmmHe  IXou  af  Mereurg. — MottfaroitraUg  placed  for  obtr- 
voft'o*  OHM  in  8  yart.—Ohtervaliant  bg  LiAoi. — By  Laeerda.—Hayliglu 
•iMrmfiotu. — lUbrillianey. — lit  Spot*  amd  Axial  Sotalvn. — Bmpictad  <mim»- 
lai»t  and  almotpttere.^lU  "  athg  ligkl," — Pka4e  imgulariiit*. — SiupteUd 
Satellite.— AlUgtd  Obtrvationt  qfit.~TAeMateBfVtnue.—Aneienioieen»- 
Hom. —  Oalila>'i  anaffram  announcing  hit  ditcorerg  i^fiU  P\aH*. — Fimiuuf/^i 
for  noulical  abiervaliom. — Tablet  of  VtMiu. 

I^EST  in  order  of  distance  from  the  Sun,  after  Mercury,  is 
•^  ^  Venus ;  which  revolves  round  the  Sun  in  244^  16^  49"  8", 
at  a  mean  distance  of  67,190,000  miles.  The  eccentricity  of  the 
orhit  of  VenuB  amounting  pj    ^ 

to  only  0-007,  til®  8^' 
tremes  of  distance  are 
only  67,652,000  miles  and 
66,728,000  miles.  This  ec- 
centricity is  very  email. 
No  other  planet,  major  or 
minor,  has  an  eccentricity 
so  small.  The  apparent 
diameter  of  Venns  varies 
between  9'5"  in  Superior 
and  65-2"  in  Inferior  Con- 
junction. At  its  greatest 
Elongation  its  apparent 
diameter  is  about  25".    A  i™-»™o-.; 

numerous  series  of  careful  observations  enabled  Main  to  deter- 
mine that  the  planet's  diameter  (reduced  to  mean  distance)  is 

*  Fttt.  49-50  wa  copied,  with  kn  unimportant  Tariatluu,  froDi  PI.  xlU  of  Scbrttw't 
Seltmetapiigrapbitebe  Pragmenlt. 
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17-55",  Butijeet  to  a  correction  of  —0-5"  for  the  effects  of 
irradiation.  Stone,  from  an  elaborate  diseuBsion  of  a  large 
series  of  Greenwich  obsei'vationa,  obtained  16-944",  with  a 
probable  errorof  +0-08".  Tennant  in  i874{during  the  Transit) 
obtained,  as  the  mean  of  68  measures,  i6'9036"  (reduced)  with  a 
probable  error  of  0-0016"  only*".  The  real  diameter  eorre- 
sponding  to  this  latter  evaluation  is  about  7500  miles,  or,  roundly, 
Venus  is  a  planet  almost  as  large  as  the  Earth-  The  com- 
pression must  be  small,  but  Tennant  tiiinks  he  found  traces 
thereof.  Great  difficulty  must  ever  remain  in  clearly  detecting 
it,  because  the  planet's  diameter  in  Superior  Conjunction  is 
so  small. 

Venus  exhibits  phases  precisely  identical  in  character  with 
those  of  Mercury. 

Though   under  the  most  favourable  circumstances  Venus  is 
never  farther  removed  from  the  Sun  than  47°  15',  and  is  there- 
fore always  more  or  less  under  the  influence  of  twilight,  yet  it 
pj^  is  difficult  to  scrutinise  this 

planet  for  a  reason  addi- 
tional to  that  which  obtains 
with  Mercury,  namely,  its 
own  extreme  brilliancy. 
This  is  such  as  to  render 
the  planet  not  unfrequently 
visible  in  full  daylight  and 
capable  of  casting  a  sen- 
sible shadow  at  night.  This 
happened  in  January  1870, 
and  indeed  occurs  every 
8  years,  when  the  planet 
is  at  or  near  its  greatest 
.aciroar.)  North   latitude   and   about 

5  weeks  fi-om  Inferior  Conjunction.     Its  apparent  diameter  is 
then  about  40",  and  the  breadth  of  the  illuminated  part  nearly 
10",  80  that  rather  less  than  }  of  the  entire  disc  is  illuminated ; 
*  Monili.  Nul..  vol.  CTn.  p,  347.   a%j  i8;5. 
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but  this  fracUon  trauumits  more  light  than  do  pbaseB  of  greater 
extwit,  beoanee  the  latter  occur  at  greater  distances  from 
the  Earth.  A  lesser  maximum  of  brilliancy,  due  to  the  same 
eirenmBtances  less  favourably  carried  out,  occurB  on  either  side 
of  the  Son  at  intervals  of  about  29  months.  The  planet's 
angular  distance  &om  the  Sun  on  these  occasions  is  rather  less 
tliaa  40°  (in  the  superior  part  of  its  orbit) ;  its  phase  therefore 
corresponds  with  the  phases  of  the  Moon  when  1 1^  and  17^  old. 
Figs,  50-1  are  selected  from  some  drawings  by  Lihou  taken 
in  the  winter  of  1^^5-6  with  a  refractor  of  4^  incheu  aperture. 


He  makes'  the  following  remarks  on  what  he  saw: — 

Not.  10,  l83j. — "With  >  tel«acope  of  ftbont  4  incbw  kperture  armed  with  > 
magnirjing  power  of  loo  I  WM  kbie  to  dletiuguiih  >  grey  ipot  in  the  QoitlMm 
htmi^tkeie,    Spoti  on  VeDoa  being  very  difficult  to  lee  with  anuJl  liutiiuneDta,  thi> 


Dee.  8,  l8Sj.— "Sky  very  pure.  The  light  of  Venui  ii  eo  bright  M  to  UXSgat 
the  eje,  bnt  by  nuking  use  of  *  coloured  glua  1  tun  ftble  to  tee  the  llmbi  duiply 
ddhMd." 

the.  16,  iSSj.— "Sky  very  pure.  The  image  of  Venui  is  extremely  iluirp, 
ud  the  llnitM  «eU  defined  ;  the  northern  cuip  it  iherply  pointed,  whllit  the  •onlhern 
it  lUghtty  triinnlsd." 

Dec.  33,  1S85. — "  The  northern  cnap  of  Venae  ii  ihuply  pointed,  end  the  lonlbani 
eatp  tlightly  truDceied." 

'  L'Ailrojinmie.  vol.  v.  p.  14S,  April  1SS6. 
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Figs.  .52-5  uc  intended  to  represent  some  dnwings  of  Venna 
made  in  18K4  hj  BL  Laoerda  of  Lisbon.  Ratpeding  tbeM?  be 
wriUs  aa  follows  : — 

"Kept.  8,  i8&(,— 7V«re*c««taf  VmaapfiontmibljmNBUTwtnwd*  tlK 
KarHi  fiAe  thas  V-wwd*  the  Sootli  Pole.  Willi  a  B^ufriiie  |u«<r  of  ijo  I 
eanaoi  lUitingDuh  tlw  Soctbeni  *pai\  wiaeii.  howcru-,  wen  ncr  nBblc  vilk  • 
nutgiiifTiiig  pDwet  of  l&>.  I  ootiiw  UiM  (he  Nonhciv  WmiipfcfTf  ■>  teigblo-  tkui 
tlw  rot  oT  tb«  pUnet.     A  vary  otamn  *aA  rloogaUd  ^M  b  riAfe  mm*  tk(  Xirtk 


"  Sept.  9,  18S4. — Thoe  i«  ■  very  bright  thread  of  %ht  ooncentrio  with  the 
Eastern  limb  of  the  planet ;  perhapa  wine  high  doodi  I.Ting  along  a  maritioie  rhore 
of  Vomi.  Two  large  (pots  are  also  vinble  on  the  ere*eeiit ;  the  one,  oUoDg.  itretched 
parallel  U>  the  bright  spot ;  the  other,  almoit  ronnd,  and  much  tmaller,  to  the 
North  of  the  lint.  Thi  Soutbmi  hnm  it  alwaj«  longer  than  the  Northern  one.  The 
elongated  ipot  which  holiowi  o»t  the  planet  near  the  North    Pole  conlinoB 

M.  Laconla.  Bays  that  on  the  following  moiiiing,  Sept.  io,4 
was  unable  to  diHtitiguiBh  any  spots. 
His  next  observation  is  dat^d — 

-Oct.  8,  1RS4.— The  )  dirk  *poU  hare  senail'lT  thifled  their  potltioi 
North.  Thej  diicloM  aim  a  Blight  mnveinent  towards  the  Weet.  The  V 
which  tecTDed  (hrunV  up  toward*  the  North  Pole  ii  to-day  almoet  perfeot ;  bat  the 
Southern  bom  continues  to  appear  longer  and  innre  painted  than  the  Northarn  one. 
The  Initre  of  the  planet  leeing  uniforin.  Ilie  dark  (pot  wUch  cut  into  Iha  eifcent 
near  the  North  Pole  i>  not  virilile." 


Ciur.  v.] 
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^Oeti  13, 1884. — "nMnv  t*  ■  great  d^rcMion  near  the  Soathem  ham.  )  ipoti  are 
TWble  m  the  planet ;  one  to  the  Sonth  ;  the  other,  nmaller,  and  to  the  North  ;  and 
atUrd  WM*iiq>eated  ondu  the  cqoator,  dmt  the  illnmiDaled  limb  and  concentric 
with  IL    TtM  Northern  horn  it  trauoated." 

H.  Lacerda  cooclades  his  obserratioiiB  by  remarking  that  the 
mort  faTonrable  time  for  obeerving  Venus  b  between  |  an  hour 
before  sanrifle  and  i  hour  after  sunrise.  He  adds  that  he  was 
never  able  to  see  any  spots  when  the  planet  was  in  the  west,  at 
or  near  the  time  of  sunset '. 


'^s*- 


*Te-  ss- 


Obaervations  of  Venus  in  the  daytime  weie  made  at  a  very 
early  period ;  the  following  are  the  dates  of  a  few  instancea : 
398  A J>.,  984, 1008, 1014, 1077,1280, 1363, 1 7 15, 1750.  "Bouvard 
has  related  to  me,"  says  Arago,  "  that  General  Buonaparte,  upon 
repairing  to  the  Luxembourg,  when  the  Directory  was  about  to 
give  him  a  fete,  was  very  much  surprised  at  seeing  the  multi- 
tude which  was  collected  in  the  Rue  de  Tournon  pay  more 
attention  to  the  region  of  the  heavens  situate  above  tiie  palace 
than  to  his  person  or  to  the  brilliant  staff  which  accompanied 
him.  He  inquired  the  cause,  and  learned  that  these  curious 
persons  were  observing  with  astonishment,  altiiough  it  was 
'  L'JtIroiomie,  vol.  iil.  p.  461,  Deo.  1SS4. 
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noon,  fk  star,  which  they  supposed  to  be  that  of  the  Conqueror 
of  Italy;  an  allusion  to  which  the  illustrious  general  did  not 
seem  indifferent  when  he  himself  with  his  piercing  eyes  re- 
marked the  radiant  body.  The  star  in  question  was  no  other 
than  Venus  ^." 

The  dazzling  brilliancy  of  this  planet  is  such®  that  the 
daytime  is  to  be  preferred  for  observing  it,  but  under  the  best 
of  circumstances  it  is  far  too  tremulous  for  physical  observations 
to  be  conveniently  made.  J.  D.  Cassini  attacked  it  in  1667,  and 
some  ill-defined  dusky  spots  seen  on  various  occasions  during 
April,  May,  and  June,  enabled  him  to  assign  23^  15™  for  its  axial 
rotation.  Bianchini,at  Rome,  in  1726  and  1727,  favoured  by  an 
Italian  sky,  observed  ^pots  with  greater  facility:  thence  he 
inferred  a  rotation  performed  in  24  days  8  hours.  Cassini's  son 
came  forward  in  defence  of  his  father's  observations,  and  assailed 
Bianchini's  conclusions  by  alleging  that  the  latter,  only  seeing 
Venus  for  a  short  time  every  evening  by  reason  of  the  Barbarini 
Palace  interrupting  his  view,  and  finding  the  spots  night  after 
night  nearly  in  the  same  position,  concluded  that  the  planet  had 
rotated  through  a  very  small  arc  during  the  previous  24  hours, 
whereas  it  had  really  made  one  complete  rotation  and  part  of 
a  second.  After  the  lapse  of  24  days  it  would  exhibit  exactly 
the  same  portion  of  its  surface,  but  in  the  24-days'  interval  would 
really  have  made  25  revolutions  instead  of  one,  as  Bianchini  had 
supposed.  Bianohini's  observations  thus  interpreted  imply  a 
period  of  23**  2i". 

Sir  W.  Herschel,  desirous  of  arriving  at  some  certain  know- 
ledge on  the  subject,  devoted  much  care  to  the  matter;  but, 
failing  to  see  any  permanent  markings  on  Venus,  he  was  unable 
to  assign  a  precise  period  beyond  believing  generally  that 
Bianchini's  statement  was  largely  in  excess  of  the  time  amount. 
Schroter  claimed  to  have  seen  certain  spots  which  enabled  him  to 
deduce  a  period  of  23**  21"  7'98',  and  Di  Vico  and  his  colleagues 

^  Pap.  Att.j  vol.  i.  p.  701,  £ng.  ed.  times  as  bright  %%  the  brightest  part  of 

*  Lord  Grimthorpe  states  that  Venus       the  full  moon.     {Aat.^  3rd  ed.^p.  149.) 
has  been  experimentally  found  to  be  10 
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at  Rome,  in  1840-2,  rediscovering  as  they  thought  Bianchini's 
markings,  assigned  a  period  of  23^  21™  23*93'. 

In  spite  of  the  seemingly  circumstantial  character  of  these 
evaluations  it  cannot  be  said  that  astronomers  generally  are 
satisfied  to  accept  them,  or  to  think  that  anything  at  all  con- 
clusive is  at  present  known  as  to  the  real  duration  of  Venus*s 
axial  rotation. 

Sir  W.  Herschel  saw  a  few  transient  spots,  but  his  opinion 
was  that  they  were  in  the  atmosphere,  and  did  not  belong  to 
the  solid  body  of  the  planet.  Di  Vico,  however,  professed  to 
have  found  the  spots  just  as  they  had  been  delineated  by 
Bianchini,  with  one  exception.  Of  the  several  observers  who 
worked  with  Di  Vico  the  most  successful  were  those  who  had 
most  difficulty  in  catching  very  minute  companions  to  large 
stars,  the  reason  of  which  is  obvious.  A  very  sensitive  eye, 
which  would  detect  the  spots  readily,  would  be  easily  over- 
powered by  the  light  of  a  brilliant  star,  so  as  to  miss  a  very 
minute  one  in  its  neighbourhood. 

On  Nov.  10,  1885,  Lihou  saw  a  gray  spot  in  the  Northern 
hemisphere  of  Venus  as  depicted  in  Fig.  50,  ante. 

Mountains  probably  exist  on  Venus,  though  the  testimony  on 
which  the  statement  must  rest  is  not  so  conclusive  as  could  be 
desired.  In  August  1 700  La  Hire,  observing  the  planet  in  the 
daytime  near  its  Inferior  Codj  unction,  perceived  in  the  lower 
region  of  the  crescent  inequalities  which  could  only  be  produced 
by  mountains  higher  than  those  in  the  Moon.  Schroter  asserted' 
the  existence  of  several  high  mountains,  in  which  he  was  con- 
firmed by  Beer  and  Madler,  but  his  details  as  to  precise  elevation 
measured  by  toises  must  be  accepted  with  great  reserve,  amongst 
other  reasons  because  it  is  doubtful  whether  his  micrometers 
were  of  sufficient  delicacy.  Sir  W.  Herschel  disbelieved  him  on 
some  points,  and  attacked  him  in  the  Philosophical  Transaclia,u 
for  1793':  his  reply  was  published  in  the  volume  for  the  year 
but  one  after  ^ ;  it  was  calm  and  dignified,  and  vindicated  the 

'  P*i7.rra«#.,vol.lxxxii.p.  337.  1792.  ^  Phil.    Trans.,    vol.  Ixxxv.   p.    117. 

>  Phil.  Trans.f  vol.  Ixxxiii.  p.  302.  1 793.       1 795. 

H   2 
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mountains,  if  not  the  measurements.  Di  Vico,  at  Rome,  in  April 
and  May  1841,  appears  to  have  noticed  a  surface-configuration 
akin  to  that  of  the  Moon ;  and  Lassell,  when  at  Malta  in  January 
1862,  observed  the  same  sort  of  thing.  Browning,  on  March  14, 
1868,  saw  mottlings  on  the  surface  of  Venus  which  reminded  him 
of  the  look  of  the  Moon  as  seen  in  a  small  telescope  through  a 
mist.  A  bluntness  of  the  southern  horn,  referred  to  by  Schroter, 
was  also  seen  by  the  Roman  astronomers,  and  often  by  Breen 
subsequently  with  the  Northumberland  telescope  at  Cambridge. 

That  Venus  has  an  atmosphere  is  almost  certain ;  that  it  is  of 
considerable  density  is  likewise  an  opinion  apparently  well 
founded.  During  the  transits  of  1761,  1769,  and  1874,  the  planet 
was  observed  by  several  persons  to  be  surrounded  by  a  faint 
ring  of  light,  such  as  an  atmosphere  would  account  for. 
Schroter,  too,  discovered  what  appeared  to  him  to  be  a  faint 
crepuscular  light  extending  beyond  the  cusps  of  the  planet  into 
the  dark  hemisphere.  From  micrometrical  measures  of  the 
space  over  which  this  light  was  diffused  he  considered  the 
horizontal  refraction  at  the  surface  of  the  planet  to  amount  to 
30'  34^',  or  much  the  same  as  that  of  the  Earth's  atmosphere. 
Sir  W.  Herschel  confirmed  the  discovery  as  a  whole  **,  and  more 
recently  Madler,  in  1 849,  was  able  to  do  the  same  with  the  mere 
modification  of  making  the  amount  somewhat  greater,  or  equal 
to  437'.  With  this  the  Transit  results  of  1874  fairly  agree  ;  e,g,. 
Prof  C.  S.  Lyman,  44-5'.  * 

It  is  quite  worth  while  to  dwell  upon  the  observations  on 
which  these  conclusions  rest,  for  the  subject  deserves  much  more 
telescopic  investigation  than  has  hitherto  been  given  to  it,  and 
it  is  one  within  the  reach  of  many  amateurs. 

The  observations  must  be  made  when  the  planet  is  very  near 
Inferior  Conjunction.  Under  such  circumstances  the  limb  of  the 
planet  which  is  farthest  from  the  Sun  is  often  to  be  seen 
illuminated,  exhibiting  a  curved   line   of  light;  this  is  a  con- 

*»  Phil.    Trant.^  vol,  Ixxxiii.  p.   214.  54.4'   and  53.5'   respectively,    an    error 

1793.  having  crept  in  owing  to  an  erroneous 

I  Neiton  suggests  that  Madler*B  and  formula  having  been  used.  {Month,  Not., 

Ljnian*s  results  must  be  increased  to  vol.  zxxvi.  p.  347,  June  1876.) 
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iinuation  of  the  narrow  crescent  of  the  planet  itself,  and  the 
result  is,  that  the  planet  seems  to  be  surroundod  by  a  complete 
circle  of  light.  "  If  only  half  the  globe  of  the  planet  were 
illuminated  by  the  Sun,  this  appearance  could  never  present 
itself,  as  it  is  impossible  for  an  observer  to  see  more  than  half 
of  a  large  sphere  at  one  view.  There  is  no  known  way  in  which 
the  Sun  can  illuminate  so  much  more  than  the  half  of  Venus  as 
to  permit  a  complete  circle  of  light  to  be  seen,  except  by  the 
refraction  of  an  atmosphere  K' 

The  existence  of  snow  at  the  poles  of  Venus  has  been  suspected 
by  Webb  and  Phillips,  but  the  idea  awaits  confirmation,  though 
there  is  no  prima  facie  reason  why  it  should  not  be  well  founded ; 
indeed  rather  the  reverse. 

A  phenomenon  analogous  to  the  lumiere  cendree^  or  *  ashy  light,* 
of  the  Moon  is  well  attested  in  observations  of  Venus  when  near 
Inferior  Conjunction,  having  been  first  seen  by  Riccioli  on 
Jan.  9,  1643.  Many  observers  have  noticed  the  entire  contour 
of  the  planet  to  be  of  a  dull  grey  hue  beyond  the  Sun-illumined 
crescent.  Webb  used  the  expression  ^Hhe  phosphorescence  of  the  dark 
side"  \  this  certainly  is  an  objectionable  phrase,  for  phosphor- 
escence notably  conveys  the  idea  that  some  inherent  light  is  spoken 
of,  whereas  there  can  he  little  doubt  that  refraction  and  reflec- 
tion jointly  are  in  some  way  or  other  the  cause  of  what  is  seen 
in  the  case  of  Venus,  though  it  may  be  difliicult  at  present  to 
specify  the  precise  nature  of  it^  Derham  noticed  this  appear- 
ance, and  refei-s  to  it  in  his  book";  and  Schroter,  Sir  W. 
Herschel,  Di  Vico,  and  Guthrie  °  are  amongst  those  that  have 
seen  it.  Green,  Winnecke,  Noble,  and  others  have  repeatedly 
seen  the  uuilluminated  limb  of  Venus  distinctly  darker  than  the 
back-ground  on  which  it  was  projected.  The  most  recent 
observations  in  detail  of  this  phenomenon  are  those  made  by 
Zenger,  at  Prague,  in  Jan.  1883.     He  speaks  in  strong  terms  of 

*  Newcomb,  Popular  Astronomy ^  p.  ™  Physict  and  AtirO'thtology^  vol.  ii. 
J93.                                                                        book  V.  ch.  1. 

*  The  tappotition  of  the  exintence  of  Month.  Noi.y  vol.  xiv.  p.  169.  March 
•ooia  BQch  phenomenon  as  our  Aurora       1^54* 

BoTMdui  rente  on  no  foundation. 
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the  beauty  of  the  spectacle  when  seen  under  favourable  circum- 
stances as  regards  the  planet's  position  and  the  condition  of  the 
Earth's  atmosphere.  He  noticed,  and  considered  the  most  im- 
portant point  of  all,  a  brownish  red  ring  all  round  the  planet's 
disc, "  more  pronounced  on  the  illuminated  side  than  on  the  dark 
part  of  the  limb,  but  of  a  peculiar  coppery  hue,  the  close  resem- 
blance of  which  to  the  coppery  hue  the  Moon's  disc  assumes 
when  totally  eclipsed  was  very  striking.*'  He  goes  on  to 
express  the  opinion  that  the  two  appearances  owe  their  origin  to 
precisely  similar  causes  ^. 

The  peculiarity  about  Mercury's  phases  already  pointed  out 
(the  measured  breadth  being  different  from  the  calculated) 
obtains  also  with  Venus.  At  the  Greatest  Elongations,  the  line 
terminating  the  illumination  ought  to  be  straight,  as  with  a 
Half-Moon,  but  several  observers  have  found  an  uncertainty 
varying  between  3^  and  8^  in  the  first  (or  last)  appearance  of 
the  dichotomisation  (according  as  to  whether  it  was  the  E.  or  the 
W.  Elongation  that  was  in  question).  Thus,  at  the  Western 
Elongation  of  August  1793,  Schroter  found  the  terminator 
slightly  concave,  and  it  did  not  become  straight  till  8^  after  the 
epoch  of  Greatest  Elongation. 

Previous  to  the  present  century  testimony  was  not  wanting 
that  Venus  had  a  satellite,  but  nothing  has  been  ascertained 
about  it  in  recent  times,  and  Webb,  with  great  propriety,  called 
the  matter  "an  astronomical  enigma."  On  Jan.  25,  1672,  J.  D. 
Cassini  saw,  between  6**  52™  and  7**  2°*  a.m.,  a  small  star  re- 
sembling a  crescent,  like  Venus,  distant  from  the  Southern  horn 
on  the  Western  side  by  a  space  equal  to  the  diameter  of  Venus. 
On  Aug.  28,  1686,  at  4**  15™  a.m.,  the  same  experienced  observer 
saw  a  crescent-shaped  light  East  of  the  planet  at  a  distance  of 
!**»■  of  its  diameter.  Daylight  rendered  it  invisible  after  \  an 
hour.  On  Oct.  23,  1740  (o.s.).  Short,  the  celebrated  optician, 
with  2  telescopes  and  4  different  powers,  saw  a  small  star 
perfectly  defined  but  less  luminous  than  the  planet,  from  which 

®  Zenger's  pftper  should  be  conflulted  Month.  Not.,  vol.  xliii.  p.  331.  April 
by  all  who  wish  to  ttudy  this  subject.       1883. 
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it  was  distant  lo'  2'\  On  4  different  occasions  between  May  3 
and  II,  1 761,  Montaigne,  at  Limoges,  saw  what  he  believed  to 
be  a  satellite  of  Venus.  It  presented  fche  same  phase  as  the 
planet,  but  it  was  not  so  bright.  Its  position  varied,  but  its 
diameter  appeared  equal  to  ^*^  that  of  the  planet.  The  follow- 
ing extract  is  from  the  Lictionnaire  de  Physique^  a  French  work 
published  in  1789.  "The  year  1761  will  be  celebrated  in 
astronomy  in  consequence  of  the  discovery  that  was  made  on 
May  3  of  a  satellite  circulating  round  Venus.  We  owe  it  to 
M.  Montaigne,  member  of  the  Society  of  Limoges,  who  observed 
the  satellite  again  on  the  4'**  and  7***  of  the  same  month. 
M.  Baudouin  read  before  the  Academy  of  Sciences  of  Paris  a 
very  interesting  memoir,  in  which  he  gave  a  determination  of 
the  revolution  and  distance  of  the  said  satellite.  From  the 
calculations  of  this  expert  astronomer  we  learn  that  the  new 
star  has  a  diameter  about  |  that  of  Venus,  that  it  is  distant 
from  Venus  almost  as  far  as  the  Moon  is  from  the  Earth,  that 
its  period  is  9^  7**,  and  that  its  ascending  node  is  in  the  22™* 
degree  of  Virgo."  Wonderfully  circumstantial!  In  March  1764 
several  European  observers,  at  places  widely  apart,  saw  a 
supposed  satellite.  Rodkier,  at  Copenhagen,  on  March  3  and  4, 
saw  it :  Horrebow,  with  some  friends,  also  at  Copenhagen,  saw 
it  on  the  10***  and  11*^  of  the  same  month,  and  they  stated  that 
they  took  various  precautions  to  make  sure  there  was  no 
optical  illusion.  Montbaron,  at  Auxen-e,  on  March  15,  28,  and 
29,  saw  the  satellite  in  sensibly  different  positions  p. 

This  is  the  plaintiff's  case,  if  I  may  be  pardoned  for  using 
such  an  expression :  on  the  other  side  it  can  only  be  said  that 
no  trace  of  a  satellite  has  ever  been  found  by  any  subsequent 
observer  with  larger  telescopes.  And  with  the  care  bestowed 
on  Venus  by  Sir  W.  Hei-schel  and  Schroter  during  so  many 
years,  it  is  difficult  to  understand  that,  if  a  satellite  existed,  they 
should  not  have  seen  it  at  some  time  or  other  ^. 

9  Seheuten  rays  he  saw  %  Batellite  ac-  letter  by  L3mn  in  The  Ohterrator^^  vol. 

eompany  Yenos  acroes  the  Sun  daring  x.  p.  73,  March  1887. 
Um  tmuit  of  1 761.    See  Att.  Jahrbuch,  «  The  question  of  the  eziBtenoe  of  a 

1778.    Reference  may  also  be  made  to  a  satellite  of  Venus  is  very  fully  discussed. 
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Lambert  combined  all  the  observations  in  a  very  tolerable 
orbit  ^  but,  as  Hind  points  out  %  notwithstanding  its  agreement 
with  the  observations,  there  is  one  fata]  objection  to  it — if  it 
were  correct,  the  mass  of  Venus  would  be  i  o  times  greater  than 
what  other  methods  show  it  to  be,  namely  Ti^TVyr  ^^^^  ^^  ^^^ 
Sun.  Encke  gives  jjfTw^vy  Littrow  ttf^tt*  Madler  tiftttf' 
Le  Verrier  tiVttitj  wid  Newcomb  Tirt^Finr-  There  are  several 
methods  of  ascertaining  this  quantity,  the  most  obvious  of  which 
is  based  on  the  disturbing  influence  exerted  by  Venus  on  the 
Earth's  annual  motion. 

Venus  has  ever  been  regarded  as  an  interesting  and  popular 
planet,  and  it  is  somewhat  remarkable  that  it  is  the  only  one 
whose  praises  are  sung  by  the  great  Greek  bard,  who  thus 
apostrophises  it: — 

This  refers  to  it  as  the  Evening  Star,  but  elsewhere  in  the 
JQiad^  we  meet  with  it  in  its  other  function  of  the  'Eoxr^opo;,  to 
which  the  Latin  Lucifer  corresponds.  Some  have  thought,  and 
perhaps  not  without  reason,  that  it  is  the  object  referred  to  in 
Isaiai  xiv.  12. 

The  earliest  recorded  observations  of  Venus  date  from  686  B.C., 
and  appear  on  an  earthenware  tablet  now  in  the  British 
Museum  '. 

"  Claudius  Ptolemy  has  preserved  for  us  in  his  Atmagesi  many 
observations  of  Venus  by  himself  and  other  astronomers  before 
him,  at  Alexandria  in  Egypt  The  most  ancient  of  these  obser- 
vations is  dated  in  the  476***  year  of  Nabonassar*s  era  and  13***  of 


and  from  a  new  standpoint,  in  a  paper 
by  M.  Bertrand  in  VAtironomxe,  vol.  i. 
p.  201  i  August  188a ;  but  it  does  not  seem 
worth  while  to  go  more  fuUy  into  the  sub- 
ject here.  And  see  also  M.  Stroobant*s 
very  interesting  EHwh  tur  le  tateUUe 
inigmatique  de  Vinut  published  at 
Brussels  in  1 887.  His  researches  show  that 
in  almost  all  cases  stars  which  can  be  iden- 
ti6ed  were  mistaken  for  a  sateUite ;  in  a 
few  instances  where  the  identity  is 
doubtful   possibly  a  minor  planet   was 


seen;  and  in  one  instance  possibly  it 
was  Uranus  which  was  seen  and  mistaken 
for  a  satMlite  of  Venus. 

'  Bode*s /oArfttfcA,  1777. 

■  Sol,  Syti.^  p.  27. 

^  Homer,  lliadyWh.  zzii.  t.  318. 

"  Lib.  zziii.  v.  2a6.  Pythagoras  (or, 
according  to  others,  Parmenides)  deter- 
mined the  identity  of  the  two  **  stars.*' 

'  Month,  Not,  vol.  XX.  p.  319.  June 
i860. 
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the  reign  of  Ptolemy  Philadelphus,  on  the  night  of  the  17^**  of  the 
Egyptian  month  MeMori^  when  Timocharis  saw  the  planet  eclipse 
a  star  at  the  extremity  of  the  wing  of  Virgo.  This  date  answers 
to  271  B.C.,  Oct.  12  A.M.y"  As  this  was  not  a  telescopic  observa- 
tion, it  and  all  others  recorded  before  telescopes  came  into  use, 
are  open  to  this  uncertainty,  that  the  two  objects  may  merely 
have  been  in  juxta-positon  so  as  to  have  appeared  as  one  without 
actual  tfttjD^-position  taking  place.  The  recorded  occultation  of 
Mercury  by  Venus  on  May  17, 1737,  was  no  doubt  an  occultation 
in  the  strict  sense  of  the  word. 

The  interesting  discovery  of  the  phases  of  Venus  is  due  to 
Galileo  %  who  announced  the  fact  to  his  friend  Kepler  in  the 
following  logogriphe  or  anagram  * : — 

"  Hffic  immatura,  a  me,  jam  frustra,  leguntur. — oy.** 
'*  These  things  not  ripe  [for  disclosure]  are  read,  as  yet  in  vain,  by  me.'* 

Or,  as  another  interpretation  has  it — 

"  These  things  not  ripe ;  at  present  [read]  in  vain  [by  others]  are  read  by  me.** 

The  "me"  in  the  former  case  being  the  ordinary  reader ;  in 
the  latter,  Galileo. 

This,  when  transposed,  becomes — 

"CynthisB  figuras  ajmulatur  Mater  Amoriim." 
"The  Mother  of  the  Loves  [Venus]  imitates  the  phases  of  Cynthia  [the  Moon].** 

The  letters  '  o  y '  are,  it  will  be  observed,  redundant,  so  far  that 
they  cannot  be  made  use  of  in  the  transposition. 

To  the  mariner,  owing  to  its  rapid  motion,  Venus  is  a  useful 
auxiliary  for  taking  lunar  distances  when  continuous  bad  weather 
may  have  prevented  observations  of  the  Sun. 

In  computing  the  places  of  Venus  the  tables  of  Baron  De  Lin- 
denau,  published  in  1810,  were  long  in  use.  but  they  have  now 

'  Hind,  Sol.Siftt.t  p.  32.  more  distinctly,  they  would  be  found  to 

*  It  was  one  of  the  objections  urged  do  so.     Prof.  De  Morgan  believes  the 

to  Ck>pemious  against  his  theory  of  the  anecdote  to  be  apocryphal.  'Month.  Nof.^ 

MoUr  system  that  if  it  were  true  then  the  vol.  vii.  p.  390.    June  1847.)     But  "se 

inferior  planets  ought  to  exhibit  phases.  non  ^  vero,  ^  ben  trovato.** 

He  ii  said  to  have  answered  that  if  ever  ■   Opere  di  Gnfiieo,  vol.  ii.  p.  42.    Kd. 

obtained  the  power  of  seeing  them  Padova,  1744* 


106  The  Sun  and  Planets.  [Book  I. 

been  superseded  by  those  of  Le  Verrier,  for  amongst  other  causes 
of  error  there  existed  a  long  inequality  (first  suspected  by  Sir  G. 
B.  Airy  about  1828,  and  fully  expounded  in  1831  *»)  affecting  the 
heliocentric  places  of  the  Earth  and  the  planet  to  a  very  sensible 
amount.  This  inequality  goes  through  all  its  changes  in  about 
239^,  and  when  at  a  maximum  displaces  Venus  by  3''  and  the 
Earth  by  a",  as  viewed  from  the  Sun. 

^  Phil.  Trans.f  vol.  czviii.  p.  23,  1828;  vol.  cxxii.  p.  67,  1832. 
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CHAPTEK    VI. 


THE   EARTH.    0 


"  O  let  ibe  Earth  bless  the  Lord  :  yea,  let  it  praise  Him,  and  magnify  Him 

for  ever." — Benedicite. 


Period,  ^e. — Figure  of  the  Earth. —  The  Ecliptic. — The  Equinoxes.  — 7^e  Solstices. — 
THukinution  of  the  obliquity  of  the  ecliptic. — The  eccentricity  tf  the  Earth*s 
orbit. — Motion  of  the  Line  of  Apsides. — Familinr  proofs  nnd  iUustrations  of 
the  sphericity  of  the  Earth. — Foucault's  Pendulum  Experiment. — Mddler's  tables 
of  the  duration  ofd<ty  and  night  on  the  Earth. — Opinions  of  ancient  philosophers. 
— English  mediaval  synonyms. — The  Zodiac. — Mass  of  the  Earth. 

^  j^HE  Elarth  is  a  planet  which  may  perhaps  be  said  to  be  in 
-'"  aU  essential  respects  similar  to  Venus  and  Mars,  its  nearest 
neighbours ;  but  as  we  are  on  it,  it  is  needless  to  point  out  the 
impossibility  of  treating  of  it  in  the  same  way  as  we  treat  of  the 
other  planets.  It  revolves  round  the  Sun  in  365^  6**  9"  9*6',  at 
a  mean  distance  of  92,890,000  miles.  The  eccentricity  of  its 
orbit  amounting  to  001679,  this  distance  may  either  extend  to 
94^50,000  miles  or  diminish  to  91,330,000  miles;  and  these 
differences  involve  variations  in  the  light  and  heat  reaching  the 
Earth  which  will  be  represented  by  the  figures  966  and  1033, 
the  mean  amount  being  1000. 

The  Earth  is  not  a  sphere,  but  an  oblate  spheroid ;  that  is  to 
say,  it  is  somewhat  flattened  at  the  poles  and  protuberant  at  the 
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equator;  as  is  the  case  with  probably  all  of  the  planets.     The 
following  table  gives  the  latest  authentic  measurements. 


Ally*. 

Benelb. 

Miles. 

Milw. 

Polar  Diameter 

7899.170 

7899.114 

Equatorial  Diameter 

7925.648 

7925604 

Absolute  Difference 

26.478 

26*490 

ExceM  of   the  Equatorial,   ex- 
pressed as  a  fraction  of  its 
entire  length      

asa'sso 

I 

The  close  coincidence  between  these  results  affords  a  good 
guarantee  of  the  accuracy  of  both,  and  is  noticeable  as  an  illus- 
tration of  the  precision  arrived  at  in  the  working  out  of  such 
problems,  the  difference  between  the  two  values  of  the  equatorial 
diameter  being  only  77  yards.  If  we  represent  the  Earth  by  a 
sphere  i  yard  in  diameter,  that  diameter  will  make  the  polar 
diameter  |  inch  too  long. 

Further,  it  has  been  suspected  by  General  Schubei*t  and 
Colonel  A.  R.  Clarke  that  the  equatorial  section  of  the  Earth  is 
not  circular,  but  elliptical.  Colonel  Clarke's  conclusion  is  that 
the  equatorial  diameter,  which  pierces  the  Earth  through  the 
meridians  13°  58'  and  193°  58'  E.  of  Greenwich,  is  i  mile  longer 
than  the  equatorial  diameter  at  right  angles  to  it^. 

A  consideration  of  the  method  in  which  such  investigations 
are  conducted  does  not  fall  within  the  scope  of  the  present 
sketch,  but  in  Airy's  Popular  Astronomy  the  subject  of  the  Figure 
of  the  Earth  is  handled  with  much  clearness^. 

The  great  circle  of  the  heavens  apparently  described  by  the 
Sun  every  year  (owing  to  our  revolution  round  that  body)  is 
called  the  Ecliptxc^^  and  its  plane  is  usually  employed  by  astro- 
nomers as  a  fixed  plane  of  reference.  The  plane  of  the  Earth  s 
equator,  extended  towards  the  stars,  marks  out  the  equator  of 
the  heavens,  the  plane  of  which  is  inclined  to  the  ecliptic  at  an 

•  Encycl  Metrop,^  art.  Fig.  of  Earth,  «  Mem.  B.A,S.jyoViaix.  p.  39.    1861. 

vol.  y.  p.  220.  ^  See  p.  242  ei  seq. 

*»  AH,  Nach..  vol.  xiv.  Nok.  333-5 ;  vol.  •  "  The  line  of  eclipses.'' 
six.  No.  438. 


CatF.TI.^  r7r-     JL'.^.  H» 


wUdi  gives  zk  ai  ^i^  ^j^issssnos  ir  liie  «*9»?mK   fm-iig  rac 

the   Tcrual     -cr    {^rzic"     ^-nizif^x    -hsss,    s^rpm   A'H?*ai5ttn» 

The  obliqmt^  rf  lae-  -Hcirice  i?  iiTnr  •ji-vlj  5*c**scnr  **  i2iifr  r 
of  aboot  46*  re  izc  j-*ir».  -  i  -¥£!  3*11  Lrvmx^  if:w**vEr.  ti!-  <« 
the  decrettae :  fcr  trf:^*  is  5*2.  *A-r^  fcJ5'«r»*i  :  I'  121*  cfcsat  wiiA 
produees  ihis  fzxiz.TTa:!!  n^is*:  fc?:  ix  %  Mcirmry  -^tv^sSccl  &&d 
thus  tend  to  ioentt**:  i2>e  li'riLixrrr.  OTcis^ri^stlj  i»  cia2ksis> 
of  oUiquitT  b  &  jo?&-c2»r^:c.  iz.  •■-iis^  -»"*  *r»  r:cieifr»f*i  ccy  fts 
aatrcoioiDs^  snot  ii  az.  rn^Tr-r  tt^iMCf*  ?irS;i=sily  2t«!«x  to  p»o- 
dooe  ADT  sokac-je  ^s^fFksL'.^  -i  '^ji^iaz^  :c  iciie  £ftnh~«  scr&ee. 
A  coDfiidermtkrii  -A  tli*  rrdn^krur-^  &^£r:c^:-=ic^  &et  caniwt  bat 
remind  us  of  the  prccu§ir  sa^^  t^*  tz^aq  ^fiier  the  IVIt23^«  that 
*  while  the  e^rth  rrmaiiie^  j«?eiiizr?r  rnni  iArr^st.  an-i  cold  mud 
hemt.  and  RnnnK-r  a&i  wirvr.  &i>i  ^iav  ani  nii^ht  shall  not  cea£^/ 
The  pertortation  of  otli  ;':::*y.  •>:  L2^i^Ti!:g  mrr^^ly  of  an  oscillatoiy 
motion  of  the  plane  of  the  -h? liptie,  which  will  not  permit  of  its 
[the  inclination]  ever  l-ec-ining  very  great  or  very  small,  is  an 
astronomical  discr^very  in  {>e-rfrc:  unison  with  the  declaration 
made  to  Noah.  an«i  explaiEs  h«jw  effectually  the  Cnntor  had 
ordained  the  means  for  carrying  out  His  promise,  though  the  way 
it  waa  to  be  aceompli5he<l  remaineil  a  hidden  secret  until  the 
great  diacoTeries  of  modem  science  placeil  it  within  human 
comprehension  ^/' 

It  is  stated  by  Pliny  that  the  discovery  of  the  obliquity  of  the 
ecliptic  is  due  to  Anaximander,  a  disciple  of  Thale*,  who  wa» 

'  From  ^qnns  eqoal,  and  »<xr  a  nijjhl ;  still ;  becaiwe  lb*  Sun  when  it  hM  r««eli«>a 

bwMue  when  the  Son  is  at  theee  point*,  theee  nentral   poinU    hae    attained   iU 

day  and  night  are  theoretically  equal  greatest  declination  N.  ^«  H.  at  the  eaae 

throaghoat  the  world.     In  1890  this  oc-  may  be.     In  1890  this  txvurs  on  June 

eon  on  March  ao  at  4^  and  Sept.  32  at  ai  at  o\  and  Dee.  ai  at  9^,  O.M.T. 

14*,  G.M.T.  *  Hind.  So/.  Ssfsi..  p.  33, 

>  From  9ot  the  San,  and  fUire  to  stand 
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bom  in  6io  B.C.  Other  authorities  ascribe  it  to  Pythagoras  or 
the  Egyptians,  while  Laplace  believed  that  observations  for  the 
determination  of  this  angle  were  made  by  Tcheou-Eong  in 
China  not  less  than  iioo  years  before  the  Christian  era^.  The 
accord  between  the  various  determinations  ancient  and  modern 
is  very  remarkable,  and  indicates  the  great  care  bestowed  by  the 
astronomers  of  antiquity  on  their  investigations. 

The  eccentricity  of  the  Earth's  orbit  amounts  (to  be  more 
precise  than  above)  to  00167917,  and  it  is  subject  to  a  very 
small  diminution,  not  exceeding  0*000041  in  the  course  of  100 
years.  Supposing  the  change  to  go  on  continuously,  the  Earth's 
orbit  must  eventually  become  circular ;  but  we  leam  from  the 
Theory  of  Attraction  that  this  progressive  diminution  is  only  to 
proceed  for  a  certain  time.  Le  Verrier  has  shown  that  this 
diminution  cannot  continue  beyond  24,000  years,  when  the 
eccentricity  will  be  at  its  minimum  of  '0033  :  it  will  then  begin 
to  increase  again  ;  so  that  unless  some  external  cause  of  pertur- 
bation arise,  these  variations  may  continue  throughout  all  ages, 
within  certain  not  very  wide  limits.  They  are  due  to  the 
attractive  influence  of  the  Planets.  The  above  value  of  the 
eccentricity  is  for  iSoo'O  a.d. 

The  line  of  apsides  is  subject  to  an  annual  direct  change  of 
1 177'',  independent  of  the  efiects  of  precession  (to  be  described 
hereafter) ;  so  that,  allowing  for  the  latter  cause  of  disturbance, 
the  annual  movement  of  the  apsides  may  be  taken  at  rather  more 
than  1^  One  important  consequence  of  this  motion  of  the  major 
axis  of  the  Earth's  orbit  is  the  variation  in  the  lengths  of  the 
seasons  at  different  periods  of  time.  In  the  year  3958  B.C.,  or, 
singularly  enough,  near  the  epoch  of  the  Creation  of  Adam,  the 
longitude  of  the  Sun  s  perigee  coincided  with  the  autumnal 
equinox ;  so  that  the  summer  and  autumn  quarters  were  of  equal 
length,  but  shorter  than  the  winter  and  spring  quarters,  which 
were  also  equal.  In  the  year  1267  a.d.  the  perigee  coincided 
with  the  winter  solstice ;  the  spring  quarter  was  therefore  equal 
to  the  summer  one,  and  the  autumn  quarter  to  the  winter  one, 

'  Conn,  des  Tempi.     1811,  p.  439. 
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the  former  being  the  longest.  In  the  year  6493  ^•^'  ^^^  perigee 
will  have  completed  half  a  revolution,  and  will  then  coincide 
with  the  vernal  equinox;  summer  will  then  be  equal  to  autumn, 
and  winter  to  spring;  the  former  seasons,  however,  being  the 
longest.  In  the  year  11719  a.d.  the  perigee  will  have  completed 
three-fourths  of  a  revolution,  and  will  then  coincide  with  the 
summer  solstice ;  autumn  will  then  be  equal  to  winter,  but  longer 
than  spring  and  summer,  which  will  also  be  equal.  And  finally 
in  the  year  16945  a.d.  the  cycle  will  be  completed  by  the  coinci- 
dence of  the  solar  perigee  with  the  autumnal  equinox.  This 
motion  of  the  apsides  of  the  Earth's  orbit,  in  connection  with 
the  inclination  of  its  axis  to  the  plane  of  it,  must  quite  obviously 
have  been  the  cause  of  very  remarkable  vicissitudes  of  climate 
in  pre- Adamite  times  ^. 

One  result  of  this  position  of  things  we  may  readily  grasp  at 
this  moment.  As  a  matter  of  fact^  in  consequence  of  our  seasons 
being  now  of  unequal  length,  the  spring  and  summer  quai*ters 
jointly  extend  to  1 86^  whilst  the  autumn  and  winter  quarters 
comprise  only  178^.  The  Sun  is  therefore  a  Iwiger  time  in  the 
Northern  hemisphere  than  in  the  Southern  hemisphere:  hence 
the  Northern  is  the  warmer  of  the  two  hemispheres.  Probably 
it  may  be  taken  as  one  result  of  this  fact,  that  the  North 
Polar  regions  of  the  Earth  are  easier  of  access  than  the 
South  Polar  regions.  In  the  Northern  hemisphere  navigators 
have  reached  to  81°  of  latitude,  whereas  71**  is  the  highest 
attained  in  the  Southern  hemisphere. 

It  is  not  a  very  easy  matter  in  treating  of  the  Earth  to  deter- 
mine where  astronomy  ends  and  geography  begins  ;  but  a  brief 
allusion  to  the  means  available  for  deciding  the  form  of  the  Earth 
seems  all  that  it  is  now  necessary  to  add  here.  We  learn  that 
the  Earth  is  a  sphere  (or  something  of  the  sort)  by  the  appear- 
ance presented  by  a  ship  in  receding  from  the  spectator ;  first 
the  hull  disappears,  then  the  lower  parts  of  the  rigging,  and 
finally  the  top-masts.     The  shadow  cast  on  the  Moon  during  a 

^  See  Papen  by  Croll,  Phil.  Mag.^  4th      xxxvi.  pp.  14 1  md  36a,  Aug.  and  Nov. 
Ser.,  Tol.  xxxT.  p.  363,  May  1868  ;  V(  J.       1868;  Geikie'a  Great  lee  Age,  ^. 
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lanar  edipee,  and  the  varying  appearances  of  the  constellations 
as  we  proceed  northwards  or  southwards,  are  amongst  the  other 
more  obvious  indications  of  the  Earth's  globular  form. 

Fig.  56,  Plate  VI,  represents  an  experimental  proof  of  the 
Earth's  rotation  on  its  axis.  This  particular  form  of  proof  excited 
no  small  interest  in  scientific  (and  unscientific)  circles  when  it 
was  first  promulgated  by  the  French  savant  Foucault  in  the  year 
1851  ^  K  a  pendulum,  or  its  equivalent,  a  heavy  weight  sus- 
pended by  a  long  wire,  could  be  erected  at  either  pole  of  the 
Earth,  and  be  set  swinging  in  any  direction  and  a  note  of  the 
direction  taken,  it  is  evident  that  if  the  plane  of  oscillation 
were  observed  to  be  perpetually  shifting  with  regard  to  the 
terrestrial  point  noted  at  the  beginning  of  the  experiment,  it 
would  be  a  proof  that  either  the  terrestrial  station  was  shifting 
with  respect  to  the  pendulum  or  the  pendulum  was  shifting  with 
respect  to  the  station.  The  latter  idea  being  contrary  to  reason 
the  former  alternative  must  be  adopted.  It  is  evident  that  both 
poles  of  the  Earth  being  inaccessible  to  us,  the  experiment 
cannot  be  carried  out  in  the  theoretically  simple  fashion  sug- 
gested above ;  but  in  a  modified  form  it  can  be  tried  and  will 
yield  an  intelligible  result  at  a  station  on  the  Earth's  surface 
between  the  Pole  and  the  Equator,  provided  it  be  not  very  near 
the  Equator.  The  rationale  of  the  experiment  is  simply  this, 
that  the  weight  being  made  to  oscillate  in  a  straight  line  (and 
starting  it  by  burning  the  thread  which  holds  it  should  secure 
this)  it  will  swing  backwards  and  forwards  in  an  invariable 
plane.  If  the  building  in  which  the  experiment  is  tried  were  at 
rest,  the  plane  of  oscillation  would  be  constantly  parallel  to  a 
line  joining  any  2  points  in  ^e  building  if  the  plane  of  oscilla- 
tion had  been  parallel  to  that  line  when  the  start  was  made. 
But  if  the  building  moves  in  consequence  of  an  axial  rotation 
of  the  Earth,  the  angle  between  the  plane  of  oscillation  and  the 
line  parallel  thereto  at  the  start  will  be  continually  varying  and 
in  the  coui-se  of  some  hours  will  vary  through  an  angular  space 
of  many  degrees.    Could  the  experiment  be  tried  at  the  Pole  the 

'  See  Proc.  Boy,  Intt.,  vol.  i.  p.  70 :  Armgo,  Pop.  Ait.,  Eng.  ed.,  toI.  ii.  p.  27. 
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angular  variation  would  be  the  whole  360°  of  a  circle,  in  the  time 
24  hours,  being  the  duration  of  the  sidereal  day. 

At  the  Equator  there  will  be  no  visible  effect,  for  the  point  of 
suspension  will  be  cairied  round  the  Earth's  axis  equally  with 
the  ground  beneath  the  weight ;  on  the  other  hand,  because  the 
point  of  suspension  at  the  Pole  was  at  the  Pole  it  would  have 
no  motion  at  all  and  the  plane  of  vibration  would  be  telling  its 
own  tale  every  instant.  For  a  station  intermediate  between  the 
Pole  and  the  Equator  the  effect  will  be,  so  to  speak,  of  an 
intermediate  character ;  the  gi*ound  will  shift  to  a  certain  extent, 
but  not  through  the  angle  of  360°  in  24  houra.  The  extent  of 
the  shifting  will  vary  with  the  latitude,  so  that  it  will  not 
always  be  easy  to  obtain  a  covered  building  free  from  currents 
of  air,  and  with  an  available  point  of  suspension  sufficiently 
elevated  above  the  ground  to  insure  the  vibration  going  on  long 
enough  to  enable  the  experiment  to  be  readily  visible  to  an 
audience. 

This  experiment  was  first  tried  by  Foucault  at  the  Pantheon  in 
Paris,  and  subsecjuently  in  London  at  The  Russell,  London,  Poly- 
technic, and  Royal  Institutions  and  King  s  College,  and  at  York, 
Bristol,  Dublin,  Aberdeen,  New  York,  Ceylon,  and  other  places. 
The  angular  deviation  for  i  hour  was  found  to  be  at  Paris  ii^*; 
at  Bristol  iii°;  at  Dublin  nearly  12°;  and  at  Aberdeen  about 
I2i^  whilst  at  New  York  (Lat.  40"^)  it  was  only  ^Y  ^^^  ^^ 
Ceylon  (Lat.  7*")  only  i*8^ 

Binet  calculated  that  the  time  required  for  one  revolution  of 
the  pendulum  in  the  latitude  of  Paris  would  be  32**  8".  At 
Dublin  a  complete  revolution  was  watched  and  observed  to 
occupy  28**  26". 

In  the  engraving  the  figures  i,  2,  3,  4,  5,  6,  are  supposed  to 
indicate  the  hours  of  the  duration  of  the  experiment  after  the 
pendulum  has  been  set  in  motion  by  the  severance  by  the  candle- 
flame  of  the  cord  which  held  the  weight  at  rest. 

The  following  table  of  the  greatest  possible  length  of  the  day 
in  different  latitudes  I  cite  from  Madler": — 

™  Popuhire  Attronomie,  Berlin  r86i,  p.  30. 
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o  o 
i6  44 
30  48 
41  24 

49     ^ 

54  31 

58  ^7 
61   19 

63  «3 

64  50 


Hours. 
12 

13 
14 

15 
16 

18 

20 
21 


0         / 

Honn. 

65  48  ... 

...      22 

66  21     ... 

...      23 

66  3a     .. 

...      24 

'            67  23     ... 

J  month. 

69  51     .. 

•       .-.          2      .. 

73  40     ... 

•••      3    .. 

78  II     .. 

■      •••       4     » 

84    5     ■■ 

-       .5     .. 

90    0     ,. 

.     ...       6     „ 

The  8646  hours  which  make  up  a  year,  are,  according  to 
Madler,  thus  distributed : — 


At  the  Equator. 

4348  hours  Day, 

852      „      Twilight, 
3449      „      Night. 


At  the  Poles. 

4389  hours  Day, 
2370      „      Twilight, 
1887      „      Night. 


Among  the  ancients,  Aristarchus  of  Samos,  and  Philolaiis, 
maintained  that  not  only  did  our  globe  rotate  on  its  own  axis, 
but  that  it  revolved  round  the  Sun  in  12  months".  Nicetas  of 
Syracuse  is  also  mentioned  as  a  supporter  of  this  doctrine °. 
The  Egyptians  taught  the  revolution  of  Mercury  around  the 
Sun^;  and  Apollonius  Pergseus  assigned  a  similar  motion  to 
Mars,  Jupiter,  and  Saturn — ^but  I  am  digressing. 

Hesiod  states  that  the  Earth  is  situated  exactly  half-way 
between  Heaven  and  Tartarus  : — 

"  From  the  high  heaven  a  brazen  anvil  cast, 
Nine  days  and  nights  in  rapid  whirls  woald  last, 
And  reach  the  Earth  the  tenth ;   whence  strongly  hurlM, 
The  iame  the  passage  to  W  infernal  world** 

Theogonia,  ver.  721. 

Our  ancestors  300  or  4C0  years  ago  termed  the  ecliptic  the 
"thwart  circle";  the  meridian,  the  "noonsteede  circle";  the 
equinoxial,  "the  girdle  of  the  sky";  the  Zodiac,  "the  Bestiary," 


"  Archimedes,  In  Arenario ;  Platarch, 
De  Phcii.  PhiloB.j  lib.  ii.  cap.  34 ;  Diog. 
Jjaert.  In  PhiloJao. 


•  Cicero,  Aead.  Qu€Bst.,  lib.  ii.  cap.  39. 
P  Macrobios,  Comment,  in  Somn.  Scip., 
lib.  i.  cap.  19,  and  others. 
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and  "our  Lady's  waye."  The  origin  of  the  division  of  the 
zodiac  into  consteUations  is  lost  in  obscurity.  Though  often 
attributed  to  the  Greeks,  it  now  seems  certain  that  the  custom 
is  of  much  earlier  date;  and  is  possibly  due  to  the  Egyptians 
or  even  to  the  ancient  Hindtis  or  the  Chinese,  in  whose  behalf, 
however,  a  claim  to  prior  knowledge  is  always  put  in,  whenever 
we  Europeans  fancy  that  we  have  made  a  discovery. 

The  following  are  recent  values  of  the  mass  of  the  Earth  com- 
pared with  that  of  the  Sun: — Encke  ^^^Vytj  Littrow  ^yyVtht* 
Madler  ttttttj  ^^^  Le  Verrier  ^^tV^Tr-  Le  Verrier,  however, 
once  seemed  to  consider  that  these  values  were  all  too  smaD,  but 
that  in  our  state  of  uncertainty  as  to  the  Sun*s  parallax  it  was 
not  possible  to  assign  with  confidence  a  definitive  value'. 
Newcomb  taking  the  Earth  and  the  Moon  together  gives  for 
their  combined  mass  the  fraction  ^jTa7r?rj  or  for  the  Earth  alone 


y^HYIT' 


1  See  Month.  Not.,  vol.  xxxii.  pp.  302  and  323.     1872. 
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Feriodf^e. — lis  Phases. — Its  motions  andtheir  complexity. — Librttiion. — Evecium. — 
Vitriation  — FaraUadic  Inequality, — Annual  Equation, — Secular  acceleration. 
— IHversified  character  of  the  Moon^s  surface. — Lunar  mouniains, — SecLS, — 
Craters. —  Volcanic  character  of  the  Moon. — Bergeron^ s  experiment, ^^The  lunar 
mountainf  Aristarchus. — Teneriffe. — Lunar  atmosphere, — Sesearches  ofSehr6ter, 
Ae. — Hansen's  curious  speculation. — The  Earth-shine. — The  Marveet  Moon. — 
Astronomy  to  an  observer  on  the  Moon. — Luminosity  and  calorific  rays. — 
Historical  notices  as  to  the  progress  of  Lunar  Chartoyraphy. — Lunar  Tables. — 
Meteorological  Influences. 

rriHE  Moon,  as  the  Earth's  satellite,  is  to  us  the  most  impoi*tant 
-*-     of  the  "secondary  planets/'  and  will  therefore  receive  a 
somewhat  detailed  notice. 

The  Moon  revolves  round  the  Earth  in  27^  7**  43™  11  •46]",  at 
a  mean  distance  of  237,30x5  miles.  The  eccentricity  of  its  orbit 
amounting  to  0-0662,  the  Moon  may  recede  from  the  Earth  to  a 
distance  of  253,000  miles,  or  approach  it  to  within  221,600  miles. 
Its  apparent  diameter*  varies  between  29'  21''  and  33'  31''.  The 
diameter  at  mean  distance  is  31'  5'^  It  will  fix  this  in  the 
memory  to  note  that  the  apparent  diameter  is  the  same  as  the 
Sun's,  and  equals  J"*.  The  real  diameter,  according  to  Madler,  is 
2i59'6  miles;  according  to  Wichmann  2162  miles.  Recent  re- 
searches shew  that  these  values  are  too  great;  and  that  a 
correction  of  about  2''  (Airy)  or  2*15''  (De  La  Rue)  must  be 
applied  to  the  measured  visual  diameter  of  the  Moon,  to  allow 

*  These  figures  most  be  regarded  as  of  the  Moon  wiU  be  found  to  vary  con- 
geometrically  rather  than  practically  siderably.  And  the  diameter  at  mean 
true,  for  under  varying  circumstances  of  distance  is  not  the  arithmetical  mean  of 
altitude  above  the  horizon  the  diameter  the  extremes  of  apparent  diameter. 
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for  the  exaggeration  of  its  dimensions  by  irradiation.  This 
reduction  amounts  to  about  2  miles.  The  most  delicate  measure- 
ments indicate  no  compression. 

The  Moon  has  phases  like  the  inferior  planets;  and  of  the 
various  influences  ascribed  to  it,  that  which  results  in  the  tides  of 
the  ocean  is  the  most  important,  and  will  hereafter  be  treated  at 
some  length. 

The  motions  of  the  Moon  are  of  a  very  complex  character: 
they  have  largely  occupied  the  attention  of  astronomers  during 
all  ages,  and  it  is  only  within  a  recent  period  that  they  can  be 
said  to  have  been  mastered. 

Speaking  roughly,  we  may  say  that  the  same  hemisphere  of  the 
Moon  is  always  turned  towards  us ;  but  although  this  is,  in  the 
main,  correct,  yet  there  are  certain  small  variations  at  the  edge 
which  it  is  necessary  to  notice.  The  Moon's  axis,  although 
nearly,  is  not  exactly  perpendicular  to  the  plane  of  its  orbit, 
deviating  therefrom  by  an  angle  of  1°  32^  9"  (Wichmann); 
owing  to  this  fact,  and  to  the  inclination  of  the  plane  of  the 
lunar  orbit  to  that  of  the  ecliptic,  the  poles  of  the  Moon  lean 
alternately  to  and  from  the  Earth.  When  the  North  pole  leans 
towards  the  Earth  we  see  somewhat  more  of  the  region  sur- 
rounding it,  and  somewhat  less  when  it  leans  the  contrary  way ; 
this  is  known  as  libration  in  latitude^.  The  extent  of  the  dis- 
placement in  this  direction  is  6°  47^  In  order  that  the  same 
hemisphere  should  be  continually  turned  towards  us,  it  would 
be  necessary  not  only  that  the  time  of  the  Moon's  rotation  on  its 
axis  should  be  precisely  equal  to  the  time  of  the  revolution  in  its 
orbit,  but  that  the  angular  velocity  in  its  orbit  should,  in  every 
part  of  its  course,  exactly  equal  its  angular  velocity  on  its  axis. 
This,  however,  is  not  the  case,  for  the  angular  velocity  in  its 
orbit  is  subject  to  a  slight  variation,  and  in  consequence  of  this 
a  little  more  of  its  Eastern  or  Western  edge  is  seen  at  one 
time  than  another ;  this  phenomenon  is  known  as  the  libration 
in  longitude^  and  was  discovered  by  Hevelius,  who  described  it  in 
1647®.     The  extent  of  the  displacement  in  longitude  is  7"  53'. 

**  Lihran*^  balancing.  **  In  his  Selaiographia. 


120  The  San  awi  Planets.  [Booe  L 

The  maximmn  Cood  lilinitiofi  t  as  ▼iewed  finm.  die  Esrdi'a  eentie) 
amooBtB  u%  ic'  24^.  Oa  aceoont  of  die  fHrimml  Kittipn  of  die 
Esrdu  we  view  die  Mbon  muiar  aomewfams  dilfeacent  cizcom- 
atenees  at  its  riaiiig  and  at  its  rtecong;  aeeoidin^  to  die  latitade 
of  die  Eardi  in  whieh  we  are  placed.  By  dum  viewing  it  in 
didlbrent  pondona,  we  see  it  ondo'  di&i«it  ar^eets:  diis  gi^ves 
rise  to  anodier  ph^iomenon.  die  dimnmi  lUtratiam^  but  the 
maximam  value  of  diia  is  only  i^  i^  14^. 

This  periodical  variation  in  die  visible  portion  of  die  Moon  s 
diae  aeema  to  h^ve  be^i  fixst  remarked  bv  Galileo — a  diacovcrv 
very  creditable  to  him.  wh^o.  we  consider  the  matpriah  witk 
whidi  he  worked.  According  to  Aiago.  die  varioos  filwalaons 
enable  as  to  aee  altogether  ^^  0^  ^^  Moon  s  snrfiMce.  the  portion 
always  invisible  amounting  only  to  ^^r  o^  ^^  same. 

The  following  account  of  the  chief  perturbations  in  the  motion 
of  die  Moon  is,  in  the  main^  at»idged  froni  that  invaluable 
repertory  of  astronomical  &cta»  Hind  a  Solar  Sysiifwu 

1,  The  Eteetiam  depends  on  the  angular  distance  of  die  Moon 
from  the  San.  and  on  the  mean  anomalv  of  the  fomn^.  It 
diminishes  the  equation  of  the  centre  in  the  sysygies  and  inr- 
creases  it  in  the  quadratures,  increasing  or  i^^mmiRbing  the 
Moon's  mean  longitude  by  1'  20'  ^9'^'^-  Period,  aboot 
31**  19*  30".  Discovered  by  Ptolemy,  bat  previoasly  sospeeted 
by  Hipparchos. 

2,  The  Fanmtion  depends  solely  on  the  angular  distance  of  the 
Moon  from  the  San.  Its  effect  is  greate&t  at  the  octants,  and 
disappears  in  the  syzygies  and  quadratores.  the  longitude  of  the 
Moon  being  altered  thereby  35^  41-6^  when  at  a  maximam. 
Period,  half  a  synodical  revolution,  or  about  14*^  iS\  Its 
di<9Covery  is  osually  ascribed  to  Tycho  Brahe,  but  Sedillot  and 
others  claim  it  for  Abtd  We&,  who  lived  in  the  9th  century.  It 
was  the  first  lunar  inequality  explained  by  Sir  I.  Newton  on  the 
Theory  of  Gravitation. 

3,  The  Parallactic  Imequalittf  arises  from  the  sensible  difference 
in  the  disturbing  influence  exerted  by  the  Sun  on  the  Moon, 
according  as  the  latter  is  in  that  part  of  its  orbit  nearest  to, 


Chap.  VII.]  The  Moon.  121 

or  most  removed  from,  the  Sun.  At  its  maximum  it  alters  the 
Moon*s  longitude  by  about  2'.  Period,  one  synodical  revolution, 
or  29*  I  %^  44". 

4.  The  Annual  Equalion  is  that  inequality  in  the  Moon*8 
motion,  which  results  from  the  variation  in  the  velocity  of  the 
Earth,  caused  by  the  eccentricity  of  its  orbit.  At  its  maximum 
the  Moon*s  longitude  is  altered  by  11'  ii'()f\  Period,  one 
anomalistic  solar  year,  or  365**  6*»  ly^  49*3'- 

5.  The  Secular  Acceleration  of  the  Moon's  mean  motion  had  been 
supposed  to  be  caused  wholly  by  the  diminution  in  the  eccen- 
tricity of  the  Earth's  orbit  which  has  been  going  on  for  many 
centuries,  as  has  already  been  pointed  out;  but  in  1853  it  was 
shewn  by  Professor  Adams  that  the  amount  of  this  acceleration 
is  just  double  that  which  such  diminution  per  se  would  account 
for.  At  present  the  mean  motion  of  the  Moon  is  being  increased 
at  the  rate  of  about  12''  every  100  years.  This  inequality  was 
detected  by  Halley  in  1693  from  a  comparison  of  the  periodic 
time  of  the  Moon,  deduced  from  Chaldsean  observations  of 
eclipses,  made  at  Babylon  in  the  years  720  and  719  B.C.,  and 
Arabian  observations  made  in  the  8th  and  9th  centuries  a.d. 
Laplace  first  reasoned  out  and  explained  the  theory  of  the 
inequality,  and  up  to  the  date  of  Adams's  researches  his  calcu- 
lations were  supposed  to  be  complete.  It  was,  however,  shewn 
by  our  great  geometer  that  Laplace  had  neglected  certain 
quantities  in  his  calculations,  and  so  estimated  the  accelerating 
effect  of  the  increase  of  the  minor  axis  of  the  Earth's  orbit  at 
double  its  true  amount.  It  has  been  suggested  by  Delaunay  and 
others  that  half  of  this  seeming  acceleration  has  its  origin  in  the 
real  increase  in  length  of  our  terrestrial  day,  which  has  actually 
lengthened  and  continues  to  lengthen  by  a  small  fraction  of  a 
second  annually ;  and  this  slower  rotation  of  the  Earth  (for  that 
is  what  it  amounts  to)  is  conceived  to  have  its  origin  in  the 
friction  of  the  tides,  which  act  as  a  break  on  the  Earth  rotating 
beneath  them. 

Hansen  elucidated,  a  few  years  ago,  two  other  inequalities  in 
the  Moon's  motion,  due,  the  one  directly  and  the  other  indirectly 
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to  the  influence  of  Venus  **;  and  it  was  hoped  that  when  these 
were  taken  into  account  it  would  have  been  found  possible  to 
say  that  the  position  of  the  Moon  deduced  from  theory  is  almost 
precisely  the  same  as  that  obtained  by  direct  observation,  and 
therefore  that  our  knowledge  of  the  Moon's  motion  is  almost 
perfect ;  but  further  research  by  Sir  G.  B.  Airy  has  cast  a  doubt 
on  the  matter. 

Some  matters  connected  with  the  Moon's  orbit  which  are  of 
importance  in  relation  to  eclipses  will  be  referred  to  when  we 
come  to  deal  with  eclipses  (Book  II.,  po9t) ;  but  it  is  desirable 
to  note  here  the  fact  that  the  line  of  nodes  of  the  lunar  orbit 
revolves  round  the  ecliptic  in  a  retrograde  direction  in 
18^  218^  21^  22^  46".  "This  retrogression  of  the  nodes  is 
caused  by  the  action  of  the  Sun  which  modifies  the  central 
gravity  of  the  Moon  towards  the  Earth.  It  is  not,  however,  an 
equable  motion  throughout  the  whole  of  the  Moon's  revolution ; 
the  node,  generally  speaking,  is  stationary  when  she  is  in 
quadrature,  or  in  the  ecliptic ;  in  all  other  parts  of  the  orbit  it 
has  a  retrograde  motion,  which  is  greater  the  nearer  the  Moon  is 
to  the  syzygies,  or  the  greater  the  distance  from  the  ecliptic.  The 
preponderating  effect  at  the  end  of  each  synodic  period  is, 
however,  retrocessive,  and  gives  rise  to  the  revolution  of  the  line 
of  nodes  in  between  18  and  19  years®." 

This  motion  must  not  be  confused  with  the  motion  of  the  line 
of  apsides  of  the  lunar  orbit.  "The  line  of  apsides  or  major 
axis  of  the  lunar  orbit  has,  from  a  similar  cause,  a  direct  motion 
on  the  ecliptic,  and  accomplishes  a  whole  revolution  in 
8y  310^  13**  48"  53",  so  that  in  4^  155^  the  perigee  arrives  where 
the  apogee  was  before.  This  motion  of  the  line  of  apsides,  like 
the  movement  of  the  nodes,  is  not  regular  and  equable  through- 
out the  whole  of  a  lunar  month ;  for  when  the  Moon  is  in 
syzygies  the  line  of  apsides  advances  in  the  order  of  signs,  but  is 

^  The  statement  in  the  text  is  not  with  the   Earth.    The  second  of  these 

quite  correct,  so  far  that  in  the  case  of  Hansen  inequalities  runs  its  course  in 

one  of  these  inequalities  (the  a  39-year  373  years.    See  on  the  whole  subject  a 

one)  what  Hansen  did  was  to  trace  the  paper    by  Airy   in    Month,    Noi.^    vol. 

operation  on  the  Moon  of  that  influence  xxxiv.  p.  i.     Nov.  1873. 

of  Venus  which   Airy   connected    only  •  Hind,  Std,  Ny*^,  p.  42. 
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retrograde  in  ijuadratures.  But  the  proponderftting  efl'ect  in  j 
I  BeveraJ  revolutions  tends  to  advance  the  apsides,  and  hence  1 
t  arises  their  revoliitiim  in  liilwocn  H  and  9  y'iirs." 


I 


When  viewed  by  the  naked  eyo  the  Moon  prraents  a  mottled 
appearance;  this  arises  from  our  8N,tetlit«  being  unequally 
roflectivc.  a  fact  which  the  titt-scopi-  ti'aclit'K   us  to   be  due  to  | 
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numerous  mountains  and  valleyB  on  its  surface,  as  was  dis- 
covered by  Galileo.  The  proof  of  the  existence  of  these  is  found 
in  the  shadows  cast  by  the  high  peaks  on  the  surrounding 
plains,  when  the  Sun  shines  obliquely ;  these  shadows  disappear, 
however,  at  the  full  phase,  as  the  Sun  then  shines  perpendicularly 
on  the  Moon's  surface.  Between  the  times  of  New  and  FuU 
Moon  the  boundary  line  of  the  illuminated  portion  (often  called , 
the  ** Terminator**)  has  a  rough  jagged  appearance^:  this  is 
caused  by  the  Sun's  light  falling  first  on  the  summits  of  the 
peaks,  the  surrounding  valleys  and  declivities  being  still  in 
shade ;  thus  a  disconnected  form  is  given  to  the  whole  edge,  and 
so  arises  the  jagged  aspect  above  referred  to. 

Most  of  the  lunar  mountains  have  received  names^  chiefly  those 
of  men  eminent  in  science,  both  ancient  and  modem.  Biccioli 
proposed  this  nomenclature  as  preferable  to  that  of  Hevelius,  who 
adopted  terrestrial  geographical  names.  Beer  and  Madler,  to 
whom  we  owe  so  much  of  our  knowledge  of  the  Moon,  measured 
the  heights  of  1095  lunar  elevations,  several  of  which  exceed 
20,000^*.  But  the  absence  of  water  on  the  Moon  makes  the 
choice  of  a  datum  line  difficult. 

Grey  plains,  or  seas,  analogous  probably  to  our  "  steppes  "  and 
prairies,  form  another  noticeable  feature  in  the  topography  of 
the  Moon.  They  were  called  "seas  "  from  their  supposed  nature, 
but  though  the  opinion  is  overthrown  the  appellation  is  retained, 
and  specific  names  have  been  applied  to  several  of  them. 

The  crater  mountains  are  by  far  the  most  curious  objects  shewn 
by  the  telescope.  These  are  apparently  of  volcanic  origin,  and 
usually  consist  of  a  basin  with  a  conical  elevation  rising  from 
the  centre.  Their  outline  is  generally  circular  or  nearly  so,  but 
oblique  view  will  often  give  those  in  the  neighbourhood  of  the 
limb  an  apparently  elliptical  contour.  Their  immediate  formation 
is  probably  due  to  the  escape  of  gases  from  the  interior  of  the 
Moon  when  that  body  was  in  a  semi-fluid  state,  as  it  is  conceived 
once  to  have  been.  The  eflect  of  the  passage  of  air  through  a 
semi-fluid  substance  may  be  seen  in  the  case  of  lime  slaked  by 
builders  for  fine  plastering,  when  the  air-bubbles,  having  forced 
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their  way  upwards  to  the  surface  and  burst,  leave  apertures 
rising  in  conea  forming  a.  good  imitation  of  many  lunar  craters. 

Some  further  esperimental  proof  is  to  be  bad  of  the  Boandness 
of  this  view.  Eergeron,  having  noticed  the  manner  in  which 
gases  or  vapours,  when  they  pass  through  a  pasty  mass,  leave 
a  series  of  funnel-shaped  holes  behind  them,  and  struck  with 
the  analc^^  which  these  holes  present  to  the  craters  of  the 
Hoon,  tried  to  reproduce  the  phenomenon  on  a  larger  scale,  and 
for  that  purpose  caused  a  current  of  hot  air  to  pass  through 
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a  mass  of  molten  metal.  For  the  convenience  of  the  experiment 
the  metal  chosen  was  an  alloy  fusible  at  a  comparatively  low 
temperature.  Wood's  alloy,  which  melts  at  about  158°  F.,  being 
the  first  employed.  A  current  of  hot  air  was  forced  through 
the  alloy,  which  was  melted  in  a  hot-water  bath.  Then,  as  the 
metal  was  allowed  to  cool  slowly,  the  supply  of  air  being  kept 
up,  a  bubbling  was  created,  which  drove  away  the  particles 
which  were  b^inning  to  solidify  from  over  a  considerable  area 
and  a  large  ring  was  formed.    The  air  still  being  blown  through, 
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the  edges  of  the  ring  rose  little  by  little,  and  a  perfect  model 
of  a.  crater  was  pivjduoed ;  and  as  the  process  of  cooling  went 
on  a  cone  was  formed,  and  the  crater  at  the  same  time  gi'ew 
deeper,  its  inner  slopes  shewing  a  much  greater  inclination  than 
th9  outer.  When  the  process  of  forcing  the  air  thi-ongh  the  alloy 
was  interrupted,  a  socond  inner  ring  wae  formed,  reminding  the 
experimenter  of  the  appearance  presented  by  Copernicus,  Archi- 
medes, and  other  lunar  craters.  M.  Bergeron  considers  that  his 
experiments  throw  much  light  on  the  past  history  of  the  Moon. 
Instead  of  air,  various  vapours  may  have  given  rise  to  the  craters 
and  ring-mountains.  These  vapours  rose  freely  from  the  Moon 
when  it  was  in  a  fluid  state,  but  the  exterior  of  the  planet  being 
cooled  more  rapidly  than  the  interior,  the  latter,  still  fluid, 
continiipid  to  give  off  vapours  when  the  surface  had  already  become 
a  pasty  ma«s.  These  vapours  passed  through  this  envelope  and 
found  a  vent  at  certain 
^Ur-  59-  points     only,     doubtless 

where    the    tendency    to 
solidification  was  least '. 

Ca8sim,SirW.Her8chel, 

Kater,  Smyth,  and  other 

observers  have  fancied  a 

/  ^aT^^^^^^^^^^^^^^^^B      mountain  named  Aristar- 

i'^'"=^^^^^^^^^^^^^^^^^H      chus  to   be  a  volcano 

action.  Itianowgenerally 
understood  that  the  faint 
illumination  discerned  on 
the  suuimit  is  merely  due 
to  the  "  E^tbshine  "  ;  but, 
in   the   words   of  Sir   J. 
Hersohel, "  decisive  marks 
of  volcanic  stratification, 
arising  from  successive  deposits  of  ejected  matter,  and  evident 
indications   of    lava    currente   streaming   outwards   in   all    di- 
rections, may  be  clearly  traced  with   powerful  telescopes.     In 

'    Camottt  Siatlni,  vol.  xcv.  p.  lii,  i88j. 
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Lord  Hoase'a  maguJBcent  reflector  the  flat  bottom  of  the  crater  ' 
called  ADmtegnius  \»  seen  to  bo  strewed  with  tilocks,  not 
visible  in  inferior  telescopes,  while  the  exterior  ridge  of  another 
(Aristilluii)  i»  ail  hatched  over  with  deep  gullie«  radiating 
towards  its  centre*."  The  acoompauying  engraving  represents 
Aristarchus  as  seen  by  Sinj-th  on  Dec.  22,  1S35,  with  its  peak 
ilhiminated.     Fig«.   6°    and   rti    shew   under   opposite    phasosJ 


Fig.  60. 


Fig.  61. 


of  illummation  the  streaky  radiations  surronnding  Aristan-hiisl 
which  may  or  may  not  betoken  stieaiofl  of  lava  which  havO'^ 
flowed  away  in  various  directionH  after  being  erupt<.'d  from  thft  \ 
crater.  The  external  height  of  Aristarchiis  has  been  calculated  ] 
to  he  2500",  and  ita  interntil  depth  7000".  Oi  CopemieuH  it 
may  be  reraarke<l  that  it  is  near  the  Terminator  and  is  soen  J 
under  the  most  favourable  conditinr.t  of  illumination  a  day  ur  two 
after  the  l«t  Quarter. 


d  Planeta. 

Tbe  Volcanic  origin  of  the  lunar  ci-atera  cannot  be  more  plainly 
demonstrated  than  by  comparing  an  engraving  such  as  Fig.  62, 
which  represents  a  known  volcano— Teneriffe — with  any  good 
engraving  of  a  lunar  crater,  e.g.  Copernicus,  Fig.  6j.  The  simi- 
larity is  too  Htriking  to  admit  of  there  being  any  doubts  as  to  tha 
identity  of  the  pliysical  causes  whicli  have  originated  each 
surface, 


Sl!(U»    iKirHH,      Jnlj-  3,  1884. 
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Fig.  73- 


most  be  answei-ed  in  the  negative,  though  some  affirmative  testi- 
mony ia  forthcoming.  Schroter  considered  there  is  one,  but 
he  estimated  the  height  at  only  5376",  and  Laplace  thought 
it  to  be  more  attenuated 
than  the  best  attainable 
vacuum  of  an  air-pump. 
Schroter  arrived  at  his 
oondusion  by  following 
up  a  remark  of  Au- 
zout's  "■,  that  if  the  Moon 
had  an  atmosphere  the 
phenomenon  of  twilight 
would  in  consequence 
present  itself.  He  was  at 
length  able,  he  thought, 
to  determine  that  when  'thr  l 
the  Moon  exhibited 
very  slender  crescent,  a  faint  crepuscular  light,  extending  from 
each  of  the  cusps  along  the  circumference  of  the  unenlightened 
portion  of  the  disc  to  a  distance  p. 

of  1'  ao",  could  be  perceived  ; 
its  greatest  breadth  being  2". 
He  thence  inferred  the  height 
of  the  atmosphere  to  be  only 
0'94",  corresponding  to  the 
5376'*  given  above ".  The 
Moon  would  describe  this  arc 
in  less  than  2  seconds  of  time. 
and  this  circumstance  was 
adduced  by  Schroter  as  an 
explanation  of  the  difHculty 
attending  its  direct  detection  n 
during  eclipses  and  occulta- 
tions.     Sir  J.  Herschel  considered  that  we  are  entitled  to  conclude 


■  PhiL    Ti-aiu.,   vol.   lixiii.  p.   354- 
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the  non-existence  of  any  atmosphere  at  the  Moon's  surface  dense 
enough  to  cause  a  refraction  of  i'',  i,e.  having  y/^^  the  density 
of  the  Earth's  atmosphere  ^.  Both  Beer  and  Madler  thought  that 
the  Moon  has  an  atmosphere,  but  that  it  is  of  insignificant  extent, 
owing  to  the  smalhiess  of  our  satellite's  mass ;  and  they  also 
say,  "It  is  possible  that  this  weak  envelope  may  sometimes, 
through  local  causes,  dim  or  condense  itself," — an  idea  which,  if 
proved,  would  help  to  clear  up  some  of  the  conflicting  details  of  oc- 
cultation  phenomena.  The  suddenness  with  which  occultations  of 
stars  by  the  Moon  take  place  is,  however,  commonly  regarded  as 
one  of  the  best  proofs  that  a  lunar  atmosphere  does  not  exist. 
And  the  spectroscope  supplies  negative  evidence  of  like  import. 

"  Professor  Hansen  has  receiitly  started  a  curious  theory,  from 
which  he  concludes  that  the  hemisphere  of  the  Moon  which  is 
turned  away  from  the  Earth  may  possess  an  atmosphere.  Having 
discovered  certain  irregularities  in  the  Moon's  motion,  which  he 
was  unable  to  reconcile  with  theory,  he  was  led  to  suspect  that 
they  might  arise  from  the  centre  of  gravity  of  the  Moon  not 
coinciding  with  her  centre  of  figure.  Pursuing  this  idea,  he  found 
upon  actual  investigation  that  the  iiTcgularities  would  be  almost 
wholly  accounted  for  by  supposing  the  centre  of  gi-avity  to  be 
situated  at  a  distance  of  33  i  miles  p  beyond  the  centre  of  figure. 
Assuming  this  hypothesis  to  be  well  founded.  Professor  Hansen 
remarks  that  the  hemisphere  of  the  Moon  which  is  turned  to- 
wards the  Earth  is  in  the  condition  of  a  high  mountain,  and  that 
consequently  we  need  not  be  surprised  that  [little  or]  no  trace  of 
an  atmosphere  exists ;  but  that  on  the  opposite  hemisphere,  the 
surface  of  which  is  situated  beneath  the  mean  level,  we  have  no 
reason  to  suppose  that  there  may  not  exist  an  atmosphere,  and 
consequently  both  animal  and  vegetable  life  ^."  Professor  New- 
comb  however  has  disputed  these  conclusions  of  Hansen,  which 
it  is  obvious  must  be  very  diflScult  of  either  proof  or  disproof. 

For  a  few  days,  both  before  and  after  New  Moon,  an  attentive 

"  Outlines  ofAst.y  p.  284.     This  frac-  erroneously  so,  though  how  the  mistake 

tion  is  proiably  erroneouii.    Nelson  makes  has  crept  in  is  not  clear, 

it  f^.  4  Note    by   translator ,  Arago*8   Pop. 

P  *'  1740  "  in  the  English  original,  but  At^f.,  vol.  ii.  p.  276,  Eng.  ed. 
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observer  may  often  detect  the  outline  of  the  unilluminated  portion 
without  much  difficulty.  This  lustre  is  the  light  reflected  on  the 
Moon  by  the  Earth — "  Earth-shine  "  in  fact ;  the  French  call  it 
la  lumiere  cendree^  following  the  Latin  lumen  ificinerosum,  or  the 
"  ashy  light."  In  England  it  is  popularly  known  as  "  the  Old 
Moon  in  the  New  Moon's  ai-ms."  This  light  is  stronger  during 
the  waning  of  the  Moon  than  at  any  other  time ;  as  was  noticed 
by  Galileo,  whose  opinion  was  confirmed  by  Hevelius  and  other 
more  modem  astronomers.  Hevelius  remarked,  moreover,  that 
in  the  waning  Moon  the  illumination  is  less  intense  than  when 
the  phases  are  increasing — a  fact  which  would  seem  to  indicate, 
as  Arago  has  pointed  out ',  that  the  Western  part  of  the  lunar 
disc  is  on  the  whole  better  adapted  for  reflecting  the  solar  rays 
than  the  Eastern  part;  assuming  this  to  be  true,  an  obvious 
explanation  is  furnished  for  the  fact  that  the  Earth-shine  is  more 
luminous  before  the  New  Moon  than  after  it.  Janssen,  in  1881, 
succeeded  in  photographing  the  "  Earth-shine  "  on  the  Moon  when 
the  latter  was  3  days  old.  In  the  photographs  the  "  continents  " 
were  plainly  distinguishable  from  the  "  seas  ■." 

The  Harvest  Moon  is  the  name  given  to  that  full  Moon  which 
falls  nearest  to  the  autumnal  equinox ;  as  our  satellite  then  rises 
almost  at  the  same  time  on  several  successive  evenings,  and  at  a 
point  of  the  horizon  almost  precisely  opposite  to  the  Sun  (so  that 
the  duration  of  its  visibility  is  abilut  the  maximum  possible),  it 
is  of  much  assistance  to  the  farmer  at  that  important  period  of 
the  year.  In  the  words  of  Ferguson,  "The  farmers  gratefully 
ascribe  the  early  rising  of  the  full  Moon  at  that  time  of  the  year 
to  the  goodness  of  God,  not  doubting  that  He  had  ordered  it  so 
on  purpose  to  give  them  an  immediate  supply  of  moonlight  after 
sunset,  for  their  greater  conveniency  in  reaping  the  fruits  of  the 
Earth*."  Although . this  near  coincidence  in  several  successive 
risings  of  the  Moon  takes  place  in  every  lunation  when  our 
satellite  is  in  the  signs  Pisces  and  Aries,  yet  the  phenomenon  is 

'  Ango,  Pap.  Aiti.f  vol.  ii.  p.  300,  Eng.  ed. 

*  Nature,  vol.  xxiii.  p.  518.     March  31 ,  1881. 

*  Aslronomy,  p.  136.     Ed.  of  1757. 
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only  prominently  noticeable  when  it  is  **full "  in  these  signs,  which 
only  occurs  at  or  near  the  autumnal  equinox,  and  when  the  Sun 
is  in  Virgo  or  Libra.  The  rationale  of  the  harvest  Moon  is  this : — 
Suppose  the  Moon  to  be  full  on  the  day  of  the  autumnal  equinox, 
the  Sun  is  then  entering  Libra,  and  the  Moon,  Aries ;  the 
former  setting  exactly  in  the  West,  the  latter  rising  exactly 
in  the  East :  the  Southern  half  of  the  ecliptic  is  then  entirely 
above  the  horizon,  and  the  Northern  half  entirely  below,  and  the 
ecliptic  itself  makes  the  least  possible  angle  with  the  horizon. 
The  Moon  in  then  advancing  13°,  or  one  day's  portion,  in  its 
orbit  (which  is  but  slightly  inclined  to  the  ecliptic)  will  become 
less  depressed  below  the  horizon,  and  will  therefore  have  a  less 
hour-angle  to  traverse  by  the  diurnal  motion  after  sunset  in  order 
that  it  may  come  into  view  the  next  night  than  at  any  other 
time ".  That  harvest  Moon  is  {astronomically)  most  favourable 
which  happens  about  Sept.  23,  with  the  Moon  in  the  ascending 
node  of  her  orbit,  which  then  coincides  with  the  vernal  equinox. 
Under  such  circumstances  the  Moon  may  rise  for  2  or  3  nights, 
later,  night  by  night,  by  no  more  than  about  10". 

As  a  rule  however,  the  variation  between  the  times  of  two 
successive  risings  will  seldom  be  less  than  about  17";  whilst 
the  greatest  possible  variation  is  about  1^  16" ;  this  takes  place 
when  the  Moon  is  in  Libra,  and  at  the  same  time  at  or  near  its 
descending  node. 

The  Moon  next  after  the  Harvest  Moon  is  (or  used  to  be) 
called  the  Hunters  Moon, 

It  is  in  winter  (just  when  it  is  most  wanted,  indeed)  that 
there  is  most  moonlight  for  dwellers  in  the  Earth's  Northern 
hemisphere.  That  is  to  say,  the  Moon  is  at  its  full  at  the  same 
time  that  it  is  at  its  highest  possible  Northern  altitude,  and 
therefore  longest  above  the  horizon ;  in  other  words,  the  Eailh's 
Northern  hemisphere  experiences  the  maximum  possible  amount 
of  exposure  to  Moonlight.  All  this  is  the  necessary  result  of  the 
fact  that  Full  Moon  happens  when  our  satellite  is  180^  away 

"  In  Lockyer's  Elementartf  Leifitont  in       diagram   and   detwription    dealing   with 
Atironomif    (p.   17a)   there    is    a  good       this  matter. 
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from  the  Sun,  i.e.  exactly  opposite  to  it. '  At  midwinter,  the  Sun 
being  at  its  maximum  depression,  obviously  the  Moon  is  at  its 
maximum  elevation,  with  the  result  above  stated.  This  recital 
will  be  complete  by  adding  that  the  nights  of  short  Moon  in  winter 
are  also  the  nights  before  and  after  New  Moon,  when  there  is  the 
smallest  possible  amount  of  Moonlight  to  lose.  In  summer,  of 
course,  in  the  Earth's  Northern  hemisphere  the  reverse  of  all  this 
is  the  condition  of  things :  the  Moon's  elevation  above  the 
horizon  is  the  minimum  possible,  and  the  Earth's  exposure  to 
the  Moon's  rays  is  consequently  also  the  minimum  possible. 

As  seen  from  the  Sun,  with  the  Earth  in  perihelion  and  the 
Moon  in  apogee,  the  Moon  never  departs  more  than  lo'  42''  from 
the  Earth  at  its  greatest  Elongation.  Since  the  axis  of  the  Moon 
is  very  nearly  perpendicular  to  the  plane  of  her  orbit,  our 
satellite  has  of  course  scarcely  any  change  of  seasons.  At  its 
equator  the  mean  solar  day  has  a  constant  length  of  354^  22°*, 
or  14**  i8*»  22"  of  our  mean  solar  time;  in  other  words,  it  is 
equal  to  half  the  period  of  the  Moon's  synodical  revolution  round 
the  Elarth.  As  is  the  case  on  the  Earth,  the  length  of  the  longest 
day  on  the  one  hand  and  of  the  shortest  on  the  other  increases 
and  diminishes  according  as  the  assumed  place  of  observation 
approaches  the  lunar  poles :  so  that  at  the  selenographic  latitude 
of  45**  these  times  become  14**  21**  19"  and  14^  15^  26";  and  at 
the  latitude  of  88°,  18**  17*"  28"  and  10^  19**  i6"»  respectively. 

By  an  observer  placed  on  the  Moon  some  astronomical  pheno- 
mena would  be  witnessed  under  circumstances  widely  different 
from  those  under  which  we  see  them.  The  apparent  diameter 
of  the  Earth  would  be  about  2^,  and  its  apparent  saperfioial 
extQ^t  13  times  greater  than  the  apparent  superficial  extent  of 
the  Moon  as  seen  from  the  Earth.  More  than  this :  the  Earth 
is  almost  a  fixed  object  in  the  lunai*  heavens,  only  altering  its 
place  by  the  amount  of  the  libration,  or  traversing  backwards 
and  forwards  a  space  having  an  extent  of  15°  30'  in  longitude 
and  13°  18'  in  latitude.  The  Eaith  exhibits  to  the  Moon  exactly 
the  same  kind  of  phases  which  the  latter  does  to  us,  but  in  a 
reverse  order.     For  when  the  Moon  is  Full,  the  Earth  is  invisible 
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to  the  Moon ;  and  when  the  Moon  is  New,  the  Earth  is  Full  to 
the  Moon.  These  remarks  apply  only  to  those  parts  of  the  lunar 
surface  which  are  turned  towards  our  globe ;  for  a  spectator 
on  the  opposite  side  would  never  see  the  B^arth  at  all,  and 
spectators  located  on  the  apparent  bordera  of  the  lunar  disc 
would  only  now  and  then  obtain  a  glimpse  of  it  in  their  horizon, 
for  which  they  would  be  indebted  to  the  librations  in  longitude 
and  latitude  already  noticed. 

If  the  whole  sky  were  covered  with  Full  Moons  they  would 
scarcely  make  daylight,  for  Bouger's  experiments'  give  the  brilli- 
ancy of  the  full  Moon  as  only  sotrDotr  that  of  the  Sun.  Wollaaton's 
value  is  jtiVts/  Zijllners  ^rfwoo.  and  G.  P.  Bond's  jTffVW 

The  Moon's  surface  is  supposed  to  be  much  heated,  pouihly, 
according  to  Sir  J.  Herschel,  to  a  degree  much  exceeding  that 
of  boiling  water*;  yet  we  are  not  in  a  general  way  conscious  of 
there  being  any  heat  at  all  available  for  warming  the  Earth. 
This  need  not  however  excite  surprise,  for  it  is  probably  very 
small  in  amount,  and  what  there  is  of  it  is  doubtless  quickly 
absorbed  in  the  upper  strata  of  our  atmoepheTe.  Melloni,  in  1 846, 
thought  that  he  detected  a  sensible  elevaCioo  of  temperature  by 
concentrating  the  rays  of  the  Moon  in  a  lens  3^'  in  diameter. 
C.  P.  Smyth,  in  1856,  also  thought  that  he  obtuned  evidence  on 
Teneriffe''  of  the  Moon's  rays  possessing  calorific  power,  but  his 
instriiuicutal  appliances  were  not  very  perfect.  Professor  Tyndall 
baa  staU'l  tliat  his  experiments  in  1861  seem  to  show  that  the 
Moon  iiiipHt'ts  to  us,  or  at  least  to  the  Professor's  thermometric 
apparatus, "  niyt  ofeoUJ"  More  recently.however,  the  Earl  of  Kosse, 
M.  Uari<?-Davy,  and  Prof.  Langley  have  conducted  experiments 
which  seem  to  give  conclusively  affirmative  results,  and  oq  the 
whole  the  balance  of  evidence  leans  to  this  view  of  the  question''. 

'  Cited    by   La    Placa,   Si/iUme    d»  °  Sm  »  iimiiiiuy  of  »U  the  eiperi- 

tfondt,  Bk.  I.,  cap.  4.  menu  hiUierto  made  (^veu  by  Carpenter 

>  Phil.  Trant.,  vol.cxii.  p.  17.    1819.       in  Fop.  Sc.  See.,  vol.  iz.  p.  i.    Jannar; 

'  Maiitk.  Not.,  vol.  ixi.  p.  100.     May       1870,     Lord  RoMc'e  axperimenU  will  be 

iMl.  found   described   in   Pkil.   Train.,  vol. 

cliiii.  p.  587.     1873.    See  alM  Month. 

Not.,  vol.  xiiiv.  p.  r97.    Feb.  1R74. 
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Prof.  Langley's  summary  of  his  own  observations  and  deduc- 
tions is  as  follows : — "  While  we  have  found  abundant  evidence 
of  heat  from  the  Moon,  eveiy  method  we  have  tried,  or  that  has 
been  tried  by  others,  for  determining  the  character  of  this  heat 
appears  to  us  inconclusive ;  and,  without  questioning  that  the 
Moon  radiates  heat  earthward  from  its  soil,  we  have  not  yet 
found  any  experimental  means  of  discriminating  with  such 
certainty  between  this  and  reflected  heat  that  it  is  not  open  to 
misinterpretation^." 

The  first  astronomer  who  paid  much  attention  to  the  delinea- 
tion of  the  Moon's  surface  was  Hevelius,  who  in  his  well-known 
Selenographia^  published  in  1647,  g^ve  a  detailed  description  of  it, 
accompanied  by  one  general  and  some  40  special  charts ;  which, 
taking  into  consideration  the  inferior  optical  means  at  his  dis- 
posal, were  very  creditable  to  the  industry  of  the  illustrious 
observer  of  Dantzig.  Four  years  later  Riccioli  brought  out  a 
map  of  the  Moon,  having  proper  names  assigned  to  many  of  the 
principal  localities:  and  this  nomenclature,  improved  and  en- 
larged, is  still  in  general  use.  J.  D.  Cassini  and  T.  Mayer  of 
Gottingen  published  charts  in  the  years  1680  and  1749  respec- 
tively, the  latter  of  which  was  the  only  one  used  by  observers 
for  many  years  subsequent  to  the  opening  of  the  present  century. 
In  1791  Schroter  published  a  large  work  entitled  Selenotopogra- 
phUche  Fragmenie^  in  which  are  given  diagrams  of  many  of  the 
principal  spots*.  Schroter  was  an  industrious  observer,  but  his 
descriptions  are  not  always  satisfactory. 

In  1824,  ^ '  ^*  Lohrmann  of  Dresden  published  the  first  4  of 
a  series  of  25  excellent  lunar  charts,  but  was  prevented  by 
fedling  sight  from  continuing  the  work.  It  was,  however,  taken 
up  by  others  and  completed  in  1 878  ^,  Beer  and  Madler  s  elaborate 
Mappa  Selenographica  was  published  in  1837,  and  is  undoubtedly 
the  best  of  the  kind  yet  published;  but  the  most  generally 
useful  and  also  most  generally  accessible  map  for  the  class  of 

'  Mem,  Nat.  Acad.  Sciences,  vol.  iii.  Plate  XVI,  and  Pioo  from  Plate  XXII. 

p.  4a.     1885.  '  Month.   Not.,    vol.  zxzix.    p.    367. 

*  The  two  engravings  on  Plate  VII  are  Feb.  1879.     Pabliahed  by  J.  A.  Barth, 

copied  from  thi«  work ;  Archimedes  frt>ni  Leipzig ;  price,  with  book,  50  marks. 
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readers  whom  I  address  is  the  Rev.  T.  W.  Webb's,  reduced  from 
Beer  and  Madler's.  Undoubtedly,  however,  the  most  minutely 
accurate  and  elaborate  lunar  map  yet  made  is  the  one  of  7-67^^ 
in  diameter,  by  Schmidt  of  Athens,  published  at  the  expense 
of  the  German  Government  in  1878.  Maps  by  Russell  and  by 
Blunt  are  in  circulation,  but  they  are  not  of  much  value  as 
regards  details. 

The  British  Association  for  the  Advancement  of  Science, 
through  a  sub-committee,  began  in  1866  the  preparation  of  an 
entirely  new  map  of  the  Moon,  but  this  was  eventually  aban- 
doned by  the  Association.  The  late  Mr.  W.  R.  Birt,  however, 
continued  it  for  a  time. 

A  wax  model  of  the  whole  lunar  surface  was  executed  many 
years  ago  by  a  Hanoverian  lady  named  Witte,  and  Nasmyth  has 
modelled  in  plaster  of  Paris  several  single  craters ».  Photo- 
graphy, too,  has  been  called  in  by  De  La  Rue,  Rutherford,  and 
others',  with  good  results. 

In  computing  the  places  of  the  Moon  the  Tables  of  Burckhardt, 
published  in  18 12,  were  formerly  used,  but  in  1862  the  new  and 
more  perfect  Tables  of  Hansen  were  introduced  at  the  Nautical 
Almanac  office ;  and  these  have  entirely  superseded  Bui'ckhardt's. 
Damoiseau,  Plana,  Carlini,  Pont^coulant,  Lubbock,  and  after- 
wards Delaunay,  in  addition  to  Hansen,  did  much  to  improve 
the  theory  of  the  Moon.  Delaunay's  labours  earned  for  him  a 
foremost  place  in  the  rank  of  geometrical  astronomers.  More 
recently  still,  Sir  G.  B.  Airy  has  been  treating  the  subject  by 
a  new  method.  His  memoir  entitled  the  "  Numerical  Lunai* 
Theory"  was  published  in  1887.  He  is  understood  to  be  still 
investigating  some  points  in  it  which  need  further  elucidation^. 

According  to  a  recent  determination  by  Stone  the  Moon's 
mass  is  ^j\^  that  of  the  Earth. 

To  record  a  tithe  of  the  influences  ascribed  to  the  Moon  would 
be  a  herculean  task ;  nevertheless  (in  addition  to  the  tides)  one 

*  Fig.  65  IB  from  a  photograph  of  one  *»  Month.  Not.t  vol.  xxriv.  p.  89.    Jan. 

of  theve.     But  they  are  of  little  value,       1874. 
being  very  inexact. 
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deserves  notice.  Evening  clouds  at  about  the  period  of  Full 
Moon  will  frequently  disperse  as  our  satellite  rises,  and  by  the 
time  it  has  reached  the  meridian  a  sky  previously  overcast  will 
have  become  almost  or  quite  clear.  I  finst  observed  this  in  1857, 
and  9ub»equ€ntly  found  that  Sir  J.  Herschel^  had  made  the  same 
remark.  The  idea  has  been  disputed^,  but  I  am  firmly  convinced 
of  its  truth.  Humboldt  speaks  of  it  as  well  known  in  South 
America,  and  Arago  indirectly  confirms  the  theory  when  he 
shows  that  more  rain  falls  at  about  the  time  of  New  Moon 
(cloudy  period)  than  at  the  time  of  Full  Moon  [cloudless  period 
according  to  the  theory).  According  to  Forster,  Saturday  new 
Moons  result  in  3  weeks  of  wet  weather.  He  alleged  that 
obsei'vations  extending  over  80  years  showed  this  coincidence  ^ 
Bemadin  asserts  it  as  a  fact  that  many  thunderstorms  occur 
about  the  period  of  New  or  Full  Moon.  With  these  possible 
exceptions  it  is  safe  to  assert  that  "  changes  "  of  the  Moon  have 
no  discoverable  influence  on  the  weather". 

1  Outlines  of  Aft.,  p.  285.  *  Month  Not,,  yol.  iz.  p.  37.  Dec.  1848. 

k  ElliB,    Phil.   Maff.y   4th   Ser.,  vol.  "*  See  Nasmyth  and  Carpenter,  Afoem, 

xxxiv.  p.  61.    July  1867.  p.  180. 
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CHAPTEK   VIII. 

THE     ZODIACAL     LIGHT. 

General  detcription  of  it. —  When  and  where  vinble. — Sir  J,  IJeritcheVa  fkeortf. — 
HUtorical  notices, — Modem  obeervation*  of  it, — Baekhoiutee  Omelwiionn. 

4  STRONOMICAL  writers  are  not  agreed  as  to  the  proper  head 
-^Ljl.  under  which  to  describe  and  discuss  the  Zodiacal  Light.  I 
deal  with  it  here,  because,  whatever  its  origin,  it  is  a  matter  of 
terrestrial  cognizance,  and  therefore  a  description  of  it  may, 
without  any  serious  incongruity,  be  associated  with  what  has  to 
be  said  about  the  Earth. 

The  Zodiacal  Light  is  a  peculiar  nebulous  light  of  a  conical  or 
lenticular  form  •,  which  may  very  frequently  be  noticed  in  the 
evening  soon  after  sunset  about  February  or  March,  and  in  the 
morning  before  sunrise  about  September.  It  extends  upwards 
from  the  Western  horizon  in  the  spring  and  from  the  Eastern 
horizon  in  the  autumn,  and  generally,  though  by  no  means 
always  ^,  its  axis  is  nearly  in  a  line  with  the  ecliptic,  or,  more 
exactly,  in  the  plane  of  the  Sun  s  equator.  The  apparent  an- 
gular distance  of  its  vertex  from  the  Sun  s  plane  varies,  according 
to  circumstances,  between  50°  and  70° ;  sometimes  it  is  more ; 
the  breadth  of  its  base,  at  right  angles  to  the  major  axis, 
vaiies  between  about  8°  and  30°.  During  its  evening  apparition 
it  usually  reaches  to  a  point  in  the  heavens  situated  not  far  from 
the  Pleiades  in  Taurus.     It  is  always  so  extremely  ill-defined  at 

•  LenSf  a  lentil.  ^  Month.  Not.,  vol.  xxx.  p.  151.  Miirch  1870,  et  infra. 
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the  edges  that  great  difKculty  is  experienced  in  satisfactorily 
determining  its  limits.  In  Northern  latitudes  the  Zodiacal  Light 
is  generally,  though  not  always,  inferior  in  brilliancy  to  the 
Milky  Way;  but  in  the  Tropics  it  is  seen  to  far  greater  ad- 
vantage. Humboldt  said  that  it  is  almast  constantly  visible  in 
those  regions,  and  that  he  himself  had  seen  it  sufficiently 
luminous  to  cause  a  sensible  glow  on  the  opposite  quarter  of  the 
heavens  ^  In  the  winter  of  1 842-43  it  was  remarkably  well  seen 
in  this  country,  the  apex  of  the  cone  attaining  a  length  of  no  less 
than  105°  from  the  Sun  **.  Lassell  also  mentions  having  seen  the 
light  very  conspicuous  at  Malta  in  January  1850  ®. 

No  satisfactory  explanation  has  yet  been  given  of  this  pheno- 
menon ;  it  is,  however,  very  generally  considered  to  be  a  kind  of 
envelope  surrounding  the  Sun,  and  extending  perhaps  nearly  or 
quite  as  far  as  the  Earth's  orbit.  Sir  J.  HerscheFs  opinion  was 
"  that  it  may  be  conjectured  to  be  no  other  than  the  denser  parts 
of  that  medium  which  we  have  some  reason  to  believe  resists  the 
motion  of  comets  ;  loaded,  perhaps,  with  the  actual  materials  of 
the  tails  of  millions  of  those  bodies,  of  which  they  have  been 
stripped  in  their  successive  perihelion  passages  [I !].  An  aimoxphere 
of  the  Sun,  in  any  proper  sense  of  the  word,  it  cannot  be ;  since 
the  existence  of  a  gaseous  envelope  propagating  pressure  from 
part  to  part—  subject  to  mutual  friction  in  its  strata,  and  thereby 
rotating  in  the  same,  or  nearly  the  same,  time  with  the  central 
body,  and  of  such  dimensions  and  ellipticity — is  utterly  incom- 
patible with  dynamical  laws  ^."  In  connexion  with  this  specula- 
tion it  may  be  mentioned  that  during  the  visibility  of  the  great 
comet  of  1 843  in  March  of  that  year,  the  Zodiacal  Light  was 
unusually  brilliant ;  so  much  so,  that  by  many  pei'sons  it  was 
mistaken  for  the  comet. 

The  Zodiacal  Light  is  of  a  reddish  hue,  especially  at  its  base, 

•  But  on  thiB  point  »ee  HumboldtV      xir.  p.  i<^,  Nov.  1853.    ObservationB  by 
Uier  flUtement  on  p.  145,  post.  Burr  and  Webb  wiU  be  found  at  pp.  45, 

'  Detailed  partioulan  will  be  found  in  83,  and  181  of  the  same  Tolome ;  and  see 

the  Greenwich  ObserrathnSf  184a.  a  paper  by  T.  Heelis  in  Mem.  of  the  Lit, 

*  For  observations  by  £.  J.  Lowe,  see  and  Phil.  Soc.  of  Manchester ,  3rd  Ser., 
Month.  Ifot.,  vol.  X.  p.  124,  March  1850;  vol.  ii.  p.  437,  1865. 

vol.  xi.  p.   132,  March  1851 ;   and  vol.  '  Outline*  of  Aitt.,  ji.  6^S, 
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where  also  it  is  most  bright,  and  where  it  effaces  small  stars. 
Undulations  and  likewise  a  sort  of  flashing  have  been  noticed 
in  it. 

It  has  been  suggested  that  the  Zodiaccd  Light  is  identical  with 
what  Pliny  and  Seneca  call  the  "  Trabes  «,"  but  more  likely  this 
was  the  Aurora. 

The  Zodiacal  Light  was  treated  of  by  Kepler ;  afterwards  by 
Descartes,  about  the  year  1630  ;  and  then  by  Childrey,  in  1659^ ; 
it  was  not,  however,  till  J.  D.  Cassini,  who  saw  it  first  on  March 
18,  1683,  published  some  remarks  on  this  phenomenon  that  much 
attention  was  paid  to  it  ^ 

In  the  year  1855,  the  Rev.  G.  Jones,  Chaplain  of  the  U.  S. 
Steam-Frigate  Mississippi,  published  some  remai'ks  on  this 
phenomenon  \  as  brought  under  his  notice  during  a  cruise  round 
the  world  in  the  2  preceding  years.  He  stated : — "  I  was  also 
fortunate  enough  to  be  twice  near  the  latitude  of  23°  28'  North, 
when  the  Sun  was  at  the  opposite  solstice,  in  which  position  the 
observer  has  the  ecliptic  at  midnight  at  right  angles  with  his 
horizon,  and  bearing  East  and  West.  Whether  this  latter  circum- 
stance affected  the  result  or  not,  I  cannot  say ;  but  I  there  had 
the  extraordinary  spectacle  of  the  Zodiacal  Light  simultaneously 
at  both  East  and  West  horizons  from  1 1  to  i  o'clock  for  several 
nights  in  succession." 

Mr.  Jones  concluded  his  very  interesting  letter  as  follows : — 
"  You  will  excuse  my  prolixity  in  stating  these  varieties  of  ob- 
servations, for  the  conclusion  from  all  the  data  in  my  possession 
is  a  startling  one.  It  seems  to  me  that  those  data  can  be  ex- 
plained only  by  the  supposition  of  a  nebulous  ring  with  the  Earth 
for  its  centre,  and  lying  within  the  orbit  of  the  Moon  ^'* 

On  the  publication  of  the  foregoing,  Humboldt  transmitted  to 

>  Hitt.  Nat.,  lib.  II.  oap.  a6.  distrustful  remarks  on  this  communica- 

*•  Natural  History  of*  England,  1659.  tion,  to  which  the  reader  should  refer, 

Brit.  Bacon.,  p.  183.     1661.  and  at  p.  47  is  some  account  of  J.  F.  J. 

^  Anc.  Mim,  de  VAcad.  des  Sciencen^  Schmidt*8  work  on  the  Zodiacal  Light, 

vol.  viii.  p.  I  a  I.  1  See  Jones's  original  memoir  in  vol. 

^  Gould's  Aitronomical  Jovrval,  No.  iii.  of  the  4to.  ed.  of  the  U.  S.  Exploring 

84,  May  27,  1855.     In  the  Month.  Not.,  Expedition     Narrative.      (Washington, 

vol.  xvii.  pp.  304-5,  May  1857,  are  some  1856.) 
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the  Berlin  Academy  ™  some  unpublished  observations  made  by 
him  at  sea  in  March  1803,  to  the  effect  that  on  one  or  two  occa- 
sions he  also  saw  a  2°^  light  in  the  East  contemporaneously  with 
the  principal  beam  in  the  West ;  he,  however,  then  thought  that 
the  2^  ]ight  was  mei-ely  due  to  reflection.  He  concludes  by 
saying  that  *'  the  variations  in  the  brightness  of  the  phenomenon 
cannot,  according  to  my  experience,  be  accounted  for  solely  by 
the  constitution  of  our  atmosphere.  There  remains  much  still  to 
be  observed  relative  to  the  subject." 

Jones  seems  in  one  sense  to  have  been  anticipated  in  his 
"  double  end "  view  of  the  Zodiacal  Light,  as  will  appear  from 
the  foUowing  extract,  which  is  here  cited  for  a  twofold  pur- 
pose : — "  The  two  extremities  of  the  Zodiacal  Light  may  be  seen 
on  the  same  night  about  the  time  of  the  solstices,  particularly  the 
Winter  solstice,  when  the  ecliptic  makes,  night  and  morning, 
nearly  equal  angles  with  the  horizon,  and  these  are  sufficiently 
great  to  allow  a  considerable  portion  of  the  points  of  the  light  to 
appear  above  the  line  of  the  twilight.  It  is  thus  that  it  was  ob- 
served by  Cassini  on  Dec.  4, 1687,  at  6^  30"  p.m.  and  4**  40™  a.m. 
the  following  morning"." 

Capt.  C.  Wilkes  of  the  U.S.  Exploring  Expedition  controverted 
Jones's  views  on  many  material  points,  and  regarded  the  Zodiacal 
Light  as  the  result  of  the  illumination  of  that  portion  or  section 
of  the  Earth's  atmosphere  on  which  the  rays  of  the  Sun  fall 
perpendicularly  in  the  Tropics  **. 

Jones's  observations  have  been  subjected  to  a  very  painstaking 
and  searching  review  by  Searle,  whose  conclusions,  embodyiog 
as  they  do  the  observations  of  others  besides  Jones,  may  be  thus 
brought  to  a  focus: — (i)  The  Secondary  (or  opposite)  Light 
(called  by  the  Germans  '*  Gegenschein  ")  is  an  undoubted  fact,  and 
its  connection  with  the  main  Light  highly  probable ;  (2)  That 
the  Zodiacal   Light  lies  further  to  the  N.,  near  the  Autumnal 

*  MomaUherickt    der   Kim.     Preust.  ed.,  p.  io6. 

Akad€9t%€  der  WuMnscka/tenf  July  26,  °  Theory  of  the  Zodiacal  Light ,  p.  la. 

i^55t  P>  517.    Month,  Not.,  yol.   xvi.  A  Paper  read  at  the  Montreal  Meeting  of 

p.  16.  Not.  1855.  the  American  Association  for  the  Ad- 

■  J.  R.  Jackson,  What  to  ObMerve,  2nd  yancement  of  Science,  1857. 
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than  it  does  near  the  Vernal  Equinox,  is  also  highly  probable ;  (3) 
Atmospheric  absorption  largely  affects  the  apparent  positions  of 
the  Zodiacal  Light ;  (4)  The  belt  of  sky  occupied  by  the  projec- 
tions of  the  first  237  Minor  Planets  presents  certain  peculiarities 
which  correspond  to  those  of  the  Zodiacal  Light,  and  suggest 
that  it  may  be  partly  due  to  minute  objects  circulating  in 
planetary  orbits  ^ ;  (5)  The  Light  does  not  interfere  with  the 
visibility  even  of  small  stars  ^ ;  (6)  The  final  disappeai*ance  of 
the  Light  occurs  by  its  setting  rather  than  by  its  fading  ^. 

Heelis  considers  that  his  observations,  made  in  1862  on  board 
ship  in  the  Tropics,  point  to  the  change  of  position  in  the  Light 
as  depending  on  the  time  of  year  more  than  on  the  observer's 
place  of  observation. 

The  most  extensive  recent  observations  on  this  subject  which 
ai'e  of  value  are  those  made  in  the  years  1869-71  by  Colonel 
Tupman  in  the  Mediterranean.  He  confirms  on  many  points 
previous  observers,  but  contradicts  them  on  one  very  important 
point.  He  asserts  that  the  plane  of  the  Light  does  not  pass 
through  the  Sun,  He  also  remarks  having  noticed  great  want  of 
uniformity  in  the  position  of  the  axis  of  symmetry  with  respect 
to  the  ecliptic.  Li  August  and  September  the  axis  is  frequently 
inclined  as  much  as  20''  to  the  ecliptic,  whilst  in  the  winter  it  is 
sensibly  parallel  to  the  ecliptic '. 

On  December  19  and  20,  1870,  when  in  Sicily,  whither  he  had 
gone  to  observe  the  solar  eclipse,  Mr.  A.  C.  Ranyard  and  some 
friends  (Secchi  amongst  them)  examined  the  Zodiacal  Light 
through  a  Savart  polariscope.  His  main  conclusion  is,  that  the 
Zodiacal  Light  consists  of  matter  which  reflects  the  Sun*s  light. 
He  adds,  that  such  matter  either  (i)  exists  in  particles  so  small 
that  their  diameters  are  comparable  with  the  wave  lengths  of 
light,  or  (2)  is  matter  capable  of  giving  specular  reflection". 

Some  observations  by  Birt  are  not  unworthy  of  attention. 
They  were  made  chiefly  in  1 850,  though  a  few  of  his  notes  refer 

P  Mem.  Amer.  Acad,,  vol.  xi.  p.  157,  ^  Monti.  Not.,  vol.  xxxii.  p.  74.     .Tan. 

1885-  187a. 

«  Proc.  ^i»«r.  i4raf/.,  vol.  xix.  pp.  156,  *  Month.    Not.,    vol.    xxxi.    p.     171. 

163.  March  1871. 
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to  April  1 87 1.  Birt  drew  attention  to  two  special  points: — 
(i)  The  fact  that  the  greater  portion  of  the  Light  always  lies  to 
the  N.  of  the  ecliptic ;  and  (2)  That  comparing  the  shape  of  the 
cone  of  light  month  by  month  from  February  to  April  it  becomes 
progressively  more  and  more  blunt,  so  much  so  *'  as  to  lead  to 
the  suspicion  that  we  view  the  phenomenon  differently  as  the 
Earth  advances  in  her  orbit  fi*om  the  point  at  which  we  beheld 
it  in  the  winter  months  ^" 

Little  or  no  progress  has  been  made  during  recent  years  in 
elucidating  the  theory  of  the  Zodiacal  Light :  and  this  is  the  more 
remarkable  considering  the  development  of  all  other  branches  of 
Astronomy.  Backhouse  published  in  1881  the  results  of  418 
observations  between  1867  and  1877,  chiefly  directed  to  a  deter- 
mination of  the  Light's  Liclination  to  the  ecliptic  ^.  His  deduc- 
tions, though  based  on  so  large  a  series  of  data,  are  not  very 
conclusive.  He  finds  the  average  deviation  of  the  axis  of  the 
Light  from  the  plane  of  the  ecliptic  to  be  2^  and  the  Longitude 
of  the  Ascending  Node,  35°. 

A  Dutch  observer,  Gronemann,  after  giving  much  attention  to 
the  matter,  has  pronounced  against  the  solar  theory  of  the 
Zodiacal  Light ;  he  considers  it  to  have  a  terrestrial  origin.  His 
main  contention  is  that  the  affirmed  connection  between  the 
evening  and  morning  cones  of  light  is  not  established,  and  that 
the  participation  of  the  cones  in  the  daily  motion  of  the  heavens 
is  likewise  not  proved  to  be  a  fact  ^. 

Serpieri,  the  Director  of  the  Meteorological  Observatory  at 
Urbino,  communicated  to  the  Italian  Spectroscopic  Society 
in  1876  a  very  elaborate  memoir  on  the  Zodiacal  Light,  summing 
up  all  the  results  of  previous  observers^.  He  would  see  in 
the  phenomenon  an  electrical  ori^n. 

*  Momth.  Not.,  Tol.  xxxi.  pp.  177-82.  *  Archives  NierlandaistM, 

April  1871.  7  MemoriedesUBpettr,  Italianx,  vol.  t. 
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CHAPTER    IX. 

MARS  a      ^ 

Period,  d:e. — Phaset. — Apparent  motiont, — lU  hrilUaney. — Telescopic  appear- 
ance.— Us  ruddy  hue. — SchiapardlCs  "Canals.^* — General  statement  of  Ute 
physical  details  of  Mars. — Map  of  Mars  on  Mercator^s  projection, — Polar 
snow, — Ajptal  rotation, — The  seasons  qfMars, — Its  atmosphere. — The  Satellites 
of  Mars, — Ancient  observation  of  Mars, — Tables  of  Mars. 

liTARS  is  the  first  planet  exterior  to  the  Earth  in  the  order 
-^^■^  of  distance  from  the  Sun,  and,  as  we  shall  presently 
see,  bears  a  closer  analogy  to  it  than  do  any  of  the  other 
planets. 

Mars  revolves  round  the  Sun  in  686**  23*^  30"  41",  at  a  mean 
distance  of  I4i,'536,cxx)  miles^  which  an  orbital  eccentricity  of 
0*093  ^^7  augment  to  154,714,000  miles,  or  diminish  to 
128,358,000  miles.  The  apparent  diameter  of  Mars  varies 
between  4«i"  in  conjunction  and  30«4"  in  opposition ;  and 
owing  to  the  great  eccentricity  of  the  orbit  of  Mars  its 
apparent  diameter  as  seen  from  the  Earth  will  vary  much  at 
different  oppositions.  The  diameter  at  mean  distance  of  the 
planet  from  the  Earth  being  7-28''  (Le  Verrier),  the  real 
diameter  is  nearly  5000  miles.  Very  varying  results  have 
been  arrived  at  as  to  the  compression  of  Mars.  Sir  W.  Herschel 
gave  it  at  jV }  Schroter  contradicted  this,  and  asserted  that  it 
must  be  less  than  ^;  Bessel  merely  decided  that  it  was  too 

*  Observen  interesied  in  Mara  should  ezhAustiye  account  of  the  planet  which 

consult  a  valuable  memoir  entitled  Area-  has  ever  appeared.    A  fine  series  of  litho- 

graphic    presented    to    the    Academic  graphic  views  by  N.  £.  Green  will   be 

Royale  de  Belgique  in  June   1874  by  found  in  Mem.  K.A.S.,  vol.  xliv.  p.  123, 

F.  Terby  of  Louvain.     It  is  the  most  1879. 
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small  for  measurement  with  his  great  heliometer  at  Konigsberg^ ; 
Arago  from  Paris  observations  extending  over  36  years  (from 
181 1  to  1847)  deduced  -^jf.  Hind  considers  that  ^V)  ^^^  Main 
that  ^V  ^  ^^^  ^^^y  f^^  horn  the  truth.  Kaiser's  ^\x  confirms 
Schroter. 

Mars  exhibits  phases,  but  not  to  the  same  extent  as  the 
inferior  planets.  In  Opposition  it  is  perfectly  circular ;  between 
this  and  the  quadratures  it  is  gibbous;  and  at  the  minimum 
phase,  which  occurs  at  the  quadratures,  the  planet  resembles  the 
Moon  3*^  from  the  full.  The  character  of  these  phases  is  a 
sufficient  proof  that  Mars  shines  by  the  reflected  light  of  the 
Sun.  The  phases  of  Mars  were  discovered  by  Galileo,  who  on 
Dec.  30,  1610  wrote  to  Castelli,  ^*I  dare  not  affirm  that  I  can 
observe  the  phases  of  Mars ;  however,  if  I  mistake  not,  I  think  I 
already  perceive  that  he  is  not  perfectly  round." 

After  Conjunction,  when  Mars  first  emerges  from  the  Sun  s 
rays,  it  rises  some  minutes  before  the  Sun,  and  has  a  direct  or 
Easterly  motion ;  but  since  this  motion  is  only  half  that  of  the 
Earth  in  the  same  direction.  Mars  appears  to  recede  from  the 
Sun  in  a  Westerly  direction,  notwithstanding  that  its  real  motion 
among  the  stars  is  towards  the  East.  This  continues  for  nearly 
a  year,  and  ceases  when  its  angular  distance  from  the  Sun 
amounts  to  about  137° ;  then  for  a  few  days  it  appears 
stationary.  After  that,  its  motion  becomes  retrograde,  or 
Westerly  among  the  stars,  and  continues  so  until  the  planet 
is  iSo""  distant  from  the  Sun,  or  in  Opposition,  and  consequently 
on  the  meridian  at  midnight.  At  this  period  its  retrograde 
motion  is  swiftest;  it  afterwards  becomes  slower,  and  ceases 
altogether  when  the  planet  is  again  at  a  distance  of  about  137'' 
on  the  other  side  of  the  Sun.  Its  motion  then  again  becomes 
direct,  and  continues  so,  till  once  more  the  planet  is  lost  in  the 
solar  rays,  when  the  phenomena  are  renewed,  but  with  a 
considerable  difierence  in  the  extent  and  duration  of  the  move- 
ments. The  retrogradation  commences  or  finishes  when  the 
planet  is  at  a  distance  from  the  Sun  which  varies  from  1 28""  44^ 

^  See  hi8  memoir  in  Ait.  Nach.,  vol.  xxxv.  p.  351.     Deo.  17,  1853. 
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to  146*  37',  the  axe  described  being  from  10°  6'  to  19**  35'; 
the  duration  of  the  retrograde  motion  in  the  former  case  is 
60*  iS*',  and  in  the  latter  80*  i5*>.  The  period  in  which  all 
these  changes  take  place,  or  the  interval  between  2  Conjunctions 
and  2  Oppositions,  constitutes  the  synodical  period,  which 
amounts  to  780^.  Mars  and  the  Earth  come  nearly  to  the 
same  relative  position  every  32^;  but  several  centuries  elapse 
before  precise  coincidence  occurs  ®. 

Mars  when  in  Opposition  is  a  very  conspicuous  object  in  the 
heavens,  shining  with  a  fiery  red  light,  which  from  its  striking 
character  has  led  to  the  planet  being  celebrated  throughout  the 
historic  period.  It  received  from  the  Jews  on  this  account  an 
epithet  equivalent  to  "  blazing,"  and  the  Greek  one  (Trvpoeiy)  bears 
much  the  same  meaning.  Its  name  or  epithet  in  many  other 
languages  is  substantially  the  same. 

Its  synodic  period  being  780  days,  it  comes  to  Opposition,  and 
therefore  attains  its  (general)  maximum  brilliancy,  once  in  rather 
more  than  2^.  When  in  perihelion  and  in  perigee  at  the  same 
time,  which  occurs  once  in  7  synodical  revolutions  ( 1 4^  11  J*"), 
Mars  shines  with  a  brilliancy  rivalling  that  of  Jupiter.  In 
August  1719,  the  planet  being  only  2^''  from  perihelion,  its 
brightness  was  such  as  to  cause  a  panic  ^.  The  most  favourable 
Oppositions  are  those  which  occur  on  or  about  August  26  ;  and  the 
least  favourable  those  which  occur  about  Feb.  22.  Favourable 
Oppositions  will  occur  in  1892  and  1909. 

With  suitable  optical  assistance.  Mars  is  found  to  be  covered 
with  dusky  patches,  which  have  been  supposed,  and  with  good 
reason,  to  be  continents  analogous  to  those  of  our  own  globe : 
these  are  of  a  dull  red  blue ;  other  portions,  of  a  greenish  hue, 
are  believed  to  be  tracts  of  water.  The  ruddy  colour,  which, 
overpowering  the  green,  gives  the  tone  to  the  whole  of  the 
planet,  was  believed  by  Sir  J.  Herschel  to  be  due  to  "  an  ochi*ey 
tinge  in  the  general  soil,  like  what  the  red  sandstone  districts  on 
the  Earth  may  possibly  offer  to  the  inhabitants  of  Mars,  only 

«'  Smyth,  Cycle  of  Celest.  Objecttf  vol.  **  De  Zach,   Carr.  AHronomique^  vol. 

i.  pp*  151-3, — abridged  and  corrected.  ii.  p.  293.    March  18 19. 


^ 


Chap.  IX.] 


Mars. 


161 


more  decided*."  Id  a  telescope  Mars  appears  less  red  than  to 
the  naked  eye,  and  according  to  Arago'  the  higher  the  power 
the  less  the  intensity  of  the  colour.  Webh  -writes : — "  The  disc, 
when  well  seen,  is  usually  mapped  out  in  a  way  which  gives  at 
onoe  the  impression  of  land  and -water,  the  outlines,  under 
the  most  favourable  cii'cunistances,  being  extremely  sharp :  the 


bright  part  is  orange, — according  to  Secchi,  sometimes  dotted 
with  red,  brown,  and  greenish  points ;  sometimes  found  by 
Schiaparelli  filled  with  a  complete  network  of  their  lines  and 
minute  interspaces ;  the  darker  regions,  which  vary  greatly  in 
depth  of  tone,  are  in  places  brownish,  but  more  generally  of  a  dull 
grey-green  (or,  according  to  Secchi,  bluish  tint),  possessing  the 
aspect  of  a  fluid  absorbent  of  the  solar  rays.  If  so,  the  pro- 
portion of  land  to  water  is  considerably  greater  on  liars  than 
on  the  Earth :  so  that  the  habitable  area  may  possibly  be 

'  Oallintt  Iff  Atl.  p.  ii/g.  •Month.    Xoi..    ivi.    |i.    wy      June 

'  Pop.  Alt.,  vol.  ii.  p.  483.  Hug.  fil.  1B56. 
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much  more  alike  than  the  diameter  of  the  planets.  The  water 
however  (if  such  it  be)  is  everywhere  in  communication,  and 
long  narrow  straits  are  more  common  than  on  the  Earth^." 

In  1877,  when  Mars  was  in  a  part  of  its  orbit  favourable  for 
observation,  Schiaparelli  at  Milan  detected  a  numbei*  of  minute 
dusky  bands,  for  the  most  part  very  narrow  and  straight, 
traversing  and  cutting  up  the  supposed  continents  in  various 
directions.  These  markings  are  commonly  spoken  of  as 
'^  Canals."  They  were  seen  again  in  1879  and  in  1882,  in  the 
latter  year  considerably  more  numerous  and  exhibiting  a  much 
more  complex  network.  Though  these  markings  have  been 
seen  by  other  observers  it  cannot  be  said  that  their  existence  in 
the  sharply  defined  forms  suggested  by  Schiaparelli  is  generally 
recognisable. 

The  details  of  this  planet  are  not  readily  seen  with  an  instru- 
ment of  small  aperture,  yet  there  are  several  features  which  are 
well  within  the  powers  of  a  4-inch  refractor  or  6-inch  reflector. 

The  general  tone  of  the  disc  is  a  reddish  orange,  and  on  it 
there  may  be  seen  certain  gray  markings,  the  most  important  of 
these  being  the  "Kaiser  Sea"  in  longitude  285°,  sometimes 
called  the  **  V  "  mark,  from  its  resemblance  to  that  letter.  It 
commences  above  the  equator  on  the  Southern  side,  and  extends 
half  way  to  the  N.  pole.  The  Kaiser  Sea  is  connected  with  two 
dark  forms  in  the  direction  of  the  equator,  that  to  the  E.  being 
called  "  Herschel  II."  Strait,  and  that  on  the  W.  Flammarion  Sea. 
This  large  dark  form  cannot  be  mistaken,  and  if  a  telescope  will 
show  anything  on  the  planet  it  will  show  this. 

It  should  be  observed  that  the  apparent  form  of  the  Kaiser 
Sea  differs  greatly  at  different  oppositions  of  Mars,  in  conse- 
quence of  the  varying  view  we  have  of  the  poles.  When  the  S. 
pole  is  towards  the  Earth,  Kaiser  Sea  is  considerably  fore- 
shortened ;  whereas  when  the  N.  pole  is  towards  the  Earth,  it  is 
elongated. 

Herschel  IL  Strait  extends  on  the  E.  to  the  equator,  where  it 
terminates  in  a  well-known  mark,  the  a  of  Beer  and  Madler,  from 

^  Celest.  Object i,  4th  ed.  p.  141. 
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which  Martial  longitudes  are  reckoned.  This  mark  was  dis- 
covered by  Dawes  to  be  composed  of  two  points,  as  shown  in  the 
map,  and  it  is  appropriately  named  after  that  observer. 

Between  Dawes's  forked  bay  and  the  next  dark  point,  Burton 
Bay,  there  is  generally  seen  a  space  connecting  the  light  portions 
of  the  equatorial  region  with  Phillips  Island  to  the  S. ;  but 
this  was  filled  with  shade  during  the  opposition  of  1877. 

When  Burton  Bay  has  passed  the  meridian,  a  large  dark  mark, 
called  De  La  Rue  Ocean,  extends  towards  the  S.  pole,  its  Eastern 
extremity  being  Christie  Bay.  On  the  S.E.  of  De  La  Rue  Ocean 
may  be  seen  a  well-defined  round  dark  spot  named  Terby  Sea  in 
the  map.  This  mark  is  difiicult  to  observe  during  those  oppo- 
sitions, when  the  N.  pole  is  directed  towards  the  Earth. 

When  Terby  Sea  has  passed,  a  long  dark  streak,  called  Maraldi 
Sea,  comes  into  view,  and  continues  till  Flammarion  Sea  heralds 
Kaiser  Sea,  with  which  we  started,  thus  completing  the  circuit 
of  the  planet. 

The  polar  snow-spots  are  seen  with  great  distinctness  when 
Mars  is  approaching  Opposition ;  from  that  time  they  decrease  in 
size,  till  it  requires  sharp  and  educated  vision  to  detect  their 
presence. 

There  is  a  round  orange  spot  in  the  Southern  hemisphere  in 
longitude  300°,  called  Lockyer  Land.  This  was  seen  during  the 
Opposition  of  1873  to  be  white  as  though  covered  with  snow.  A 
similar,  though  smaller  spot  exists  in  the  Northern  hemisphere  at 
210''  of  longitude,  named  Fontana  Land.  The  details  of  the 
Northern  hemisphere  are  not  only  less  important  than  those  of 
the  Southern,  but  are  the  less  known  in  consequence  of  the 
greater  distance  of  Mars  when  the  N.  pole  is  turned  towards  the 
Earth. 

One  point  of  contrast  there  is  between  Mars  and  the  Earth. 
Whereas  on  the  Earth  the  proportion  of  water  to  land  is  about 
II  to  4,  on  Mars  the  proportions  are  probably  about  equal.  It  is 
to  be  noted  also  that  the  water  on  Mars  is  for  the  most  part  dis- 
posed in  long  narrow  channels  ;  of  wide  expanses  of  water,  such 
as  our  Atlantic  Ocean,  there  are  few. 


156  The  Sun  and  Planets.  [Book  I. 

In  the  vicinity  of  the  poles  brilliant  white  patches  may  be 
noticed,  which  are  now  considered  by  astronomers  to  be  masses  of 
snow — an  idea  which  is  materially  strengthened  by  the  fact  that 
they  have  been  observed  to  diminish  when  brought  under  the 
Sun's  influence  at  the  commencement  of  the  Martial  summer,  and 
to  increase  again  on  the  approach  of  winter. 

The  observation  of  these  white  patches  appears  to  date  from  the 
middle  of  the  17th  century,  for  they  seem  to  be  noticed  in  a  figure 
of  the  planet  by  Huygens  ;  Maraldi,  in  1 704,  first  gave  specific 
representations  of  them.  Sir  W.  Herschel*,  who  discovered  the 
circumstances  attending  their  variation  in  size,  found  that  they 
were  not  always  precisely  opposite,  both  being  sometimes  visible 
or  invisible  at  the  same  time.  Madler  noted  the  S.  polar  spot  to 
undergo  greater  changes  of  magnitude  than  the  Northern  one, 
an  observation  harmonising  with  the  fact  that  from  the  eccen- 
tricity of  the  planet^s  orbit  it  experiences  a  greater  variety  of 
climate.  The  same  observer  found  (and  herein  he  was  con- 
firmed by  Secchi)  the  N.  patch  concentric  with  the  planet's 
axis,  but  the  S.  one  considerably  eccentric,  which  agrees  sub- 
stantially with  Sir  W.  Herschel's  observation.  It  is  not  easy 
to  understand  why  they  are  not  exactly  opposite ;  if  both  were 
equally  removed,  and  in  opposite  directions,  from  poles  of 
rotation,  it  would  occur,  as  with  the  Earth,  that  the  poles  of 
cold  differed  from  those  of  rotation,  but  the  subsisting  facts  are 
inexplicable. 

Figs.  78-79  represent  the  Polar  snows  of  Mars  as  di*awn  by 
Mr.  N.  E.  Green,  an  observer  who  has  paid  much  attention  to 
this  planet  i. 

It  will  be  seen  that  in  Fig.  78  there  is  on  the  west  side  of  the 
Polar  cap  a  detached  point  of  light.  Green  regarded  this  as  a 
patch  of  snow  which  rested  on  elevated  ground  after  the  snow 
had  melted  on  the  lower  levels.  This  light  was  afterwards  seen 
on  Sept.  8  and  10. 

On  Sept.  8,  however,  2  patches  were  visible,  and  on  Sept.  10 

'  Phil,  Trans.f  vol.  Ixxiv.  p.  2  et  »eq.  1 784. 
J  Mem,  K.A.S.,  vol.  xliv.  p.  136. 
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a  iaint  line  of  poiots  concentric  with  the  zone  of  snow.     The 
obeerrer   thought  that   these   alteiatione  of  form  were   in  all 


S«pt.  I,  1S77.  (OrMK.) 


probability  due  to  perspective ;  the   single  point  of  Sept.  i 
appearing  as  two  when  less  foreshortened,  and  that  these  when 


Seiit.  8,  1S77,   (Ort^n.) 


Btill  further  separated  appeared  still  further  increased  in  numbers 
as  they  were  seen  nearer  the  central  meridian  of  the  disc.  Green 
further  su^este  that — 

"  TbU  tailliuit  ftppmnnee  Of  the  ipoU  when  moit  to  the  Wait  of  tlw  pole,  ud 
tbdr  dccnua  in  brilliuice  when  pu«ing  the  meridlui,  tagether  with  tlw  mart  lig- 
niftout  &et  thM  thr;  were  not  leen  M  k11  nn  the  Gutem  Odr,  can  beat  be  eiplmlned 
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by  loppoeing  the  slopes  of  the  hilU  that  retained  the  snow  to  have  a  South-westerly 
aspect ;  they  would  thus  be  sheltered  from  the  Sun*8  rays  during  the  greater  part  of 
a  revolution,  but  fully  exposed  to  its  light,  and  therefore  better  seen,  just  as  they 
were  passing  away  towards  the  Western  limb." 

Spots  on  the  body  of  Mars  led  at  an  early  period  to  attempts 
being  made  to  ascertain  the  period  of  its  axial  rotation.  J.  D. 
Cassini,  in  1666,  found  this  to  be  effected  in  24*^40™;  Hooke'', 
working  contemporaneously,  was  unable  to  decide  between  1 2** 
and  24*>.  Madler^  fixed  the  time  of  revolution  at  24'*  37™  23", — 
a  result  which  singularly  accords  with  Cassini^s,  and  says  much 
for  the  accuracy  and  skill  of  the  astronomer  of  Bologna. 
Drawings  by  Hooke  and  by  Huygens  more  than  200  years  old 
have  been  turned  to  account  in  modem  times  to  throw  light 
upon  the  rotation  of  Mars.  Using  some  of  Huygens's  sketches, 
Kaiser  was  led  to  fix  the  period  of  Mars  at  24^  37™  22'62" ; 
Proctor  ^\  using  some  of  Hooke's  sketches,  obtained  as  the 
result  24**  37°*  2271".  The  most  recent  observations,  resting 
on  a  prolonged  basis,  are  those  of  Denning,  who  from  15  years' 
observations  ending  in  1884  obtained  a  period  of  24^  37°* 
22'34*.  Sir  W.  Herschers  figures  were  24^  39™  2 1  •67" ;  he 
stated,  though  on  wholly  insufficient  data,  that  the  obliquity 
of  the  ecliptic  on  Mars  was  28""  42^ — an  angle  so  dose  to  that 
which  obtains  for  the  Earthy  as,  if  confirmed,  to  warrant  us 
in  asserting  that  the  seasons  of  Mars  are  not  materially  different 
from  our  own. 

The  Martial  year  consists  of  668  Martial  days  and  16  hours, 
the  Martial  day  being  longer  than  the  terrestrial  in  the  propor- 
tion of  100  to  97.  Owing  to  the  eccentricity  of  the  planet's  orbit, 
the  summer  half  of  the  year  in  the  Northern  hemisphere  con- 
sists of  372  days,  and  the  winter  half  of  296  days.  As  a  matter 
of  course,  the  reverse  state  of  things  prevails  in  the  Southern 
hemisphere  ;  thei-e  the  winter  half-year  consists  of  372  days  and 
the  summer  of  296  days.  Nevertheless,  although  the  extremes 
of  temperature  may,  and  probably  do,  differ  widely  in  the  two 

^  Phil,  Trans.,  No.  I4,  p.  244.  July  a,  1666. 
'  Ast.  Nach,,  vol.  XV.  No.  349.  April  7,  1838. 
"■  Month.  Not.,  vol.  xxziii.,  p.  558.    1873. 
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hemispheres,  the  mean  temperatures  of  each  may  possibly  differ 
bat  little.  The  duration  of  the  seasons  in  Martial  days  in  the 
Northern  hemisphere  is  as  follows: — Spring  191^  summer  181, 
autumn  149,  winter  147.  For  the  Southern  hemisphere  we 
must  reverse  the  seasons :  this  being  done,  it  will  appear  that 
spring  and  summer  taken  together  are  76  days  longer  in  the 
Northern  hemisphere  than  in  the  Southern. 

The  observations  of  Cassini  led  to  the  belief  that  Mars  possessed 
a  very  extensive  atmosphere :  this  has  not  been  confirmed,  and 
it  is  now  only  admitted  that  Mars  has  an  atmosphere  which  is 
moderately  dense.  Sir  J.  South,  who  paid  much  attention  to 
this  subject,  stated  that  he  had  seen  one  star  in  contact  with  the 
planet  and  2  occulted  without  change ;  thus  overthrowing  an 
opinion  which  resulted  from  an  assertion  of  Cassini's  that  ^ 
Aquarii  (a  star  of  the  5*^  mag.)  on  one  occasion,  in  Oct.  1672, 
disappeared  in  a  3-feet  telescope  when  6'  from  the  planet's 
limb.     But  was  the  planet  gibbous  at  the  time  ? 

In  former  editions  of  this  work  it  was  stated  that  "Mars 
possessed  no  satellite.,  though  analogy  does  not  forbid,  but 
rather,  on  the  contrary,  leads  us  to  infer  the  existence  of  one ; 
and  its  never  having  been  seen,  in  this  case  at  least,  proves 
nothing." 

In  the  yeai*  1877  an  able  American  observer,  Asaph  Hall 
disproved  the  first  part  of  this  statement,  and  confirmed  the 
closing  inference.  The  Opposition  of  Mars  in  1877  promised 
by  reason  of  the  situation  of  the  planet  in  the  heavens  to  be 
a  very  favourable  one,  and  Hall  conceived  the  idea  that,  having 
the  command  of  the  fine  refractor  of  the  Washington  Observatory 
(aperture,  26  inches),  he  might  perhaps  be  fortunate  enough  to 
detect  a  satellite  if  Mars  had  one.  Independently  of  the  pro- 
mising circumstances  just  mentioned.  Hall  had  hopes  that  some 
favourable  result  might  come  of  his  effort  because,  with  the 
exception  of  an  attempt  made  by  D*AiTest  at  Copenhagen  in 
1862  (or  1864),  no  systematic  search  for  a  Martial  satellite  had 
been  made  since  Sir  W.  Herschel's  failure  as  far  back  as  1 783. 
Hall  began  his  search  early  in  August  1877.     At  first  he  found 


160  I%e  Sun  and  Planets.  [Book  I. 

near  the  planet  only  some  small  stars;  but  on  the  night  of 
August  1 1  he  detected  a  faint  object  on  the  nf,  side  of  the  planet 
which  afterwards  proved  to  be  the  outer  satellite.  Bad  weather 
hindered  him  until  August  f6,  when  a  small  object  was  again 
seen  which  the  observations  of  that  night  showed  to  be  a  satellite 
in  motion  with  the  planet  and  near  one  of  its  Elongations.  On 
August  17,  while  waiting  and  watching  for  the  satellite  first 
seen  (the  outer  one),  he  discovered  a  second  (the  inner  one). 
Further  observations  on  the  following  night  placed  beyond 
doubt  the  character  of  the  two  objects  and  their  discovery  was 
publicly  announced.  Nevertheless  for  several  days  Hall  was 
much  puzzled  by  the  apparent  motions  of  the  inner  moon.  It 
seemed  to  appear  on  difierent  sides  of  the  planet  the  same  night, 
and  he  at  first  thought  there  must  be  2  or  3  satellites  within 
the  orbit  of  the  outer  one,  since  it  seemed  so  unlikely  that  a 
satellite  should  revolve  round  its  primary  in  less  time  than  the 
primary  rotated  on  its  axis.  In  order  to  decide  the  point  the 
inner  satellite  was  watched  throughout  the  nights  of  August  20 
and  21,  by  which  means  it  was  clearly  ascertained  that  there 
was  but  one  inner  satellite,  and  that  revolving  round  its  primary 
in  less  than  \^  of  the  time  of  the  primary's  own  axial  rotation — 
a  case  unique  in  the  solar  system. 

When  the  discovery  of  these  satellites  was  made  public 
various  observatories  took  up  the  matter,  and  between  August 
and  the  end  of  October  1877,  that  is  to  say,  so  long  as  Mars 
remained  favourably  placed  for  observation,  the  satellites  were 
seen  at  several  of  the  larger  public  observatories  in  Europe  and 
America,  and  likewise  at  the  private  observatories  of  Mr.  A.  A. 
Common,  Ealing,  England,  and  Mr.  W.  Erck,  Sherrington,  near 
Bray,  Ireland.  At  the  Opposition  of  1879  these  satellites  were 
both  again  observed  in  America,  as  also  in  1881,  but  in  the 
latter  year  observations  were  few.  Mars  not  being  very  favourably 
placed  for  the  purpose. 

At  the  suggestion  of  Mr.  Madan,  of  Eton,  the  outer  satellite  was 
named  by  the  discoverer  "Deimos"  and  the  inner  satellite 
"  Phobos "  ;  these  being  the  mythological  names  of  the  horses 
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which  drew  ihe  chariot  of  Mars,  although  by  Homer  personified 
and  meaning  the  attendants  of  Mars. 

"  He  ipftke  and  sammoned  Fear  and  Flight  to  yoke 
His  steedB,  and  pat  his  glorious  armoar  on  ».*' 

Considering  the  small  size  of  these  satellites  it  will  not  be 
expected  that  mach  information  can  be  given  respecting  them. 

Phoboe  revolves  round  Mars  in  7^  39™  at  a  distance  of 
about  6ocx>  miles.  Hall  thinks  the  orbit  may  have  a  slight 
eccentricity.  The  angular  amount  of  the  maximum  distance 
from  the  planet  is  about  12^^;  and  the  brightness  at  Opposition  is 
about  that  of  a  star  of  mag.  1 1}. 

Deimos  revolves  round  Mars  in  30^  iH"^  at  a  distance  of 
about  15,000  miles.  The  orbit  is  almost  circular.  The  angular 
amount  of  the  maximum  distance  from  the  planet  is  about 
32'^  and  the  brightness  at  Oppo- 
sition is  about  that  of  a  star  of 
mag.  134. 

The  planes  of  the  orbits  of  both 
satellites  are  very  nearly  coin- 
cident with  the  equator  of  Mars. 
The  hourly  areocentric  motion  of 
Phobos  is  47"",  and  on  account 
of  its  rapid  motion  and  its  near- 
ness to  the  planet  this  satellite 
must  present  a  very  singular 
appearance  to  an  observer  on  Mars.  It  will  rise  in  the  W. 
and  set  in  the  E.^  and  will  meet  and  pass  Deimos,  whose 
hourly  areocentric  motion  is  only  11*8°.  The  semi-diameter 
of  Mars  being  2100  miles,  the  horizontal  parallaxes  of  these 
satellites  are  very  large,  amounting  to  21*"  for  Phobos.  The 
nearness  of  this  satellite  to  the  surface  of  the  planet  will  pro- 
duce apparent  singularities  in  its  motion,  and  cause  it  to 
appear  as  a  variable  star.    Some  photometric  observations  by 

■  Homer,    nUul,   lib.    zv.     Bryant's  and  its  Planets^  p.  353 ;  where  wiU  also 

Traaslation.  be  found  some  other  speculations  as  to 

*  Hie  rat'umaU  of  this  is  explained  at  the    phenomena    connected  with    these 

length  in  the  Rev.  E.  Ledger's  The  Sun  satellites. 

M 


THE  APPARKMT  ORBITS  OF  TBI 
SATELLITES  OF  MARS. 


162  The  Sun  and  Planets.  [Book  I. 

Pickeiing  imply  that  Phobos  has  a  diameter  of  7  miles  and 
Deimos  of  6  miles  ^, 

It  is  interesting  to  note  that  there  is  extant  a  copy  of  a 
letter  by  Kepler  to  his  friend  Waehenfels,  written  shortly  after 
the  announcement  of  Qalileo's  discovery  of  the  satellites  of 
Jupiter,  in  which  Kepler  expresses  his  eagerness  for  a  telescope 
wherewith  to  discover  2  satellites  for  Mars,  that  being  the  number 
which  "  proportion  seems  to  require  ^." 

Dean  Swift,  too,  in  Gulliver's  Travels'  speaks  of  the  astronomers 
of  Laputa  having  done  more  than  the  astronomei-s  of  Europe,  for 
"  They  have  likewise  discovered  2  lesser  stars  or  satellites  which 
revolve  about  Mars."  And  Voltaire,  in  his  romance  oiMicromegas^ 
speaking  of  some  of  his  characters  says :  ''  lis  virent  deux  lunes 
qui  servent  k  cette  planHe  [Mars]  et  qui  ont  ^chapp^  aux  regards 
de  nos  astronomes."  But  of  course  these  are  nothing  but  happy 
"  shots ; "  there  could  have  been  no  tradition  of  2  Martial 
satellites  as  a  historical  fact. 

The  want  of  a  known  satellite  long  pi*evented  anything  more 
than  an  approximation  being  arrived  at  of  the  mass  of  Mars. 
But  the  disturbing  influence  of  this  planet  being  insignificant,  an 
extremely  accurate  determination  of  its  mass  is  of  no  great  con- 
sequence to  science.  The  most  trustwoiihy  value  appears  to  be 
A.  Hall's,  who  by  means  of  observations  of  the  two  satellites  has 
obtained  the  figures  ^^^Jt^v- 

*'  The  most  ancient  observation  of  Mars  that  has  come  to  our 
knowledge  is  one  reported  by  Ptolemy  in  his  Almagest  (lib.  x. 
cap.  9).  It  is  dated  in  the  52"^  year  after  the  death  of  Alexander 
the  Great,  and  476*^  of  Nebonassar's  era,  on  the  morning  of  the 
21'*  of  the  month  Athir,  when  the  planet  was  above  but  very  near 
the  star  j3  in  Scorpio.  The  date  answers  to  B.C.  272,  Jan.  17,  at 
1 8^  on  the  meridian  of  Alexandria.    An  occultation"  of  the  planet 

p  The  foregoing  particulan  are  chiefly  '  Part  III.  oh.  iii. 

from  A.  Hall's  Observations  and  Orbits  *  Inasmuch  as  the  apparent  diameter 

of  the  Satellites  of  Mars,  Washington,  of  Mars  is  (except  under  rare  oircum- 

1878,  a  memoir  issued  by  the    U.  S.  stances)  less  than  that  of  Jupiter,  the 

Naval  Observatory.  more  correct  expression  would  probably 

4  Brewster,  Life  of  Kepler.  be  "a  transit  of  Mars  across  Jupiter/'  &c. 
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Japiter  by  Mars  on  Jan.  9, 1591,  is  recorded.  Such  a  phenomenon 
would  be  extremely  interesting  if  viewed  with  the  powerful  tele- 
scopes so  common  at  the  present  day  \" 

In  computing  the  places  of  Mars  the  tables  of  Baron  De 
Lindenau,  published  in  iSii,  wei*e  generally  used  until  recently, 
but  they  were  superseded  in  1861  by  the  more  perfect  tables  of 
Le  Verrier  ". 

*  Hind,  Sol,  8yti.,  p.  79. 

■  AmnaUs  de  VObservatoire  de  Paris y  M6m.,  yoI.  vi.,  Parb,  1861. 
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CHAPTER    X. 


THE  MINOR  PLANETS*. 


SometimcM  calUd  Ultra- Zodiacal  Planets, — Summary  offaxU, — i^o^ef  on  Cem, — 
Pallas. — Juno. —  Vesta. — Olbers's  theory. — History  qf  the  search  made  for 
them. — Independent  discoveries. — Progressive  diminution  in  their  site. 

BETWEEN  the  orbits  of  Mars  and  Jupiter  there  is  a  wide 
interval,  which,  until  the  present  century,  was  not  known 
to  be  occupied  by  any  planet.  The  researches  of  late  years,  as 
previously  intimated  in  Chapter  IL,  have  led  to  the  discovery 
of  a  numerous  group  of  small  bodies  revolving  round  the  Sun, 
which  are  known  as  the  Minor  Planets  ^  and  which  have  received 
names  taken  at  the  outset  chiefly  from  the  mythologies  of  ancient 
Greece  and  Rome,  but  in  recent  years  from  all  sorts  of  sources  ®, 
many  names  being  most  fantastic  and  ridiculous. 

These  planets  differ  in  some  respects  from  the  other  members 
of  the  system,  especially  in  point  of  size,  the  largest  being 
probably  not  more  than,  even  if  so  much  as,  200  miles  or  300 
miles  in  diameter.  Their  orbits  are  also,  as  a  general  rule,  much 
more  inclined  to  the  ecliptic  than  the  orbits  of  the  major  planets, 
for  which  reason  it  was  once  proposed  to  term  them  the  UUra- 


*  The  nae  of  symbols  has  been  discon- 
tinued, except  for  the  four  early  ones,  as 
foUows :  C^«s  (,  Pallas  |,  Jano  If, 
Vesta  @  ;  and  even  these  are  becoming 
obsolete.  Groold's  suggestion  to  adopt  by 
way  of  symbol  the  nnmber  in  the  order 
of  discovery  endosed  in  a  circle  thus: 
^^,  has  been  universally  adopted. 

^  The  old  name  of  asteroids,  proposed 
by  Sir  W.  Herschel,  has  nearly  fallen  into 


disuse.  Such  a  designation  was  not  very 
appropriate;  j>tof»«<ot<If  would  have  been 
better.  However,  minor  planets  is  pre- 
ferable to  either. 

c  The  names  Lumen,  Bertha,  and  Zelia, 
assigned  by  MM.  Henry,  are  said  to  com- 
memorate members  of  the  family  of  the 
French  astronomer  Flammarion,  a  char- 
acteristic specimen  of  the  French  way  of 
doing  things. 


Chap.  X,] 


The  Minor  Planets. 


165 


Zodiacal  Planets :  and  many  orbits  are  eccentric  to  a  degree  for 
which  no  parallel  can  be  fonnd  amongst  the  major  planets. 

It  is  needless  to  give  any  detailed  account  of  each,  but  a  short 
summary  may  not  be  out  of  place  \ 

The  nearest  to  the  Sun  is  Medusa  @,  which  revolves  round  that 
luminary  in  II39^  or  3-1^  at  a  mean  distance  of  i98,i34,ocx> 

miles.     Next  come  &ita  @,  and  Anahiia  @. 

The  most  distant  is  Thule  @,  whose  period  is  3220^  or  8*8^, 
and  whose  mean  distance  is  396^54,000  miles.    Next  come  Hilda 

@y  hmene  ©,  and  Andromache  ©.  The  last-named  recedes  farthest 
from  the  Sun  of  any  owing  to  the  great  eccentricity  of  its  orbit. 

The  least  eccentric  orbit  is  that  of  Philomela  @,  in  which  € 
amounts  to  only  o*oi  i. 

The  most  eccentric  orbit  is  that  of  JEthra  (3),  in  which  c 
amounts  to  0*383. 

The  least  inclined  orbit  is  that  of  Masealia  (»),  in  which  i 
amounts  to  0^41^ 

The  most  inclined  orbit  is  that  of  Pallas  (7))  in  which  i 
amounts  to  34**  44^ 

The  brightest,  and,  presumably,  largest  planet  is  by  the  con- 
current testimony  of  Argelander,  Stone,  and  Pickering,  Vesta  (T) 

The  two  former  observers  place  Ceres  Q  second,  and  Pallas  (J) 
third. 

The  faintest  cannot  be  specified. 

The  more  recently  discovered  planets  are  all  so  small  that  it  is 
impossible  to  say  which  is  the  smallest. 

It  has  been  thought  that  many  of  the  minor  planets  (especially 
Vesta)  are  variable  in  their  light.  This  may  be  nothing  more 
than  the  result  of,  and  a  proof  of  their  axial  rotation*.     Prof. 


*  By  far  the  most  elaborate  •umroary 
which  hai  yet  appeared  will  be  found  in 
an  article  by  Niesten  in  the  Annuaire  de 
VOhmrvaiMre  Boy,  de  Bruxelletf  iS8i, 
p.  9a6 ;  and  tee  Prof.  D.  Kirkwood*8  very 
dhaostiYe  little  treatise  The  AeUroide, 
Philadelphia,  1888. 

*  Littrow*8  idea  that  the  planetA  which 


exhibit  thete  changes  are  irregular  or 
polyhedral  in  form,  and  show  sometimee 
one  and  sometimes  another  face,  or  facet 
(as  the  cases  may  be),  seems  sublime 
fan6y.  But  in  the  more  modem  form 
that  probably  these  planets  rotate  on 
their  axes  as  do  the  major  planets,  his 
theory  may  be  admissible. 
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M.  W.  Harrington,  on  the  assumption  that  the  surfaces  of  all 
have  the  same  reflecting  power  as  Festdy  has  estimated  the  volume 
of  Vesta  as  xV  ^^  ^^^  ^^  ^3^  planets ;  and  that  Ceres  and  Fesia 
together  comprise  about  half  the  volume  of  the  230.  Le  Verrier 
calculated  that  the  total  mass  of  the  whole  number  could  not 
exceed  \  of  the  mass  of  the  Earth.  Even  to  approach  this  sum 
total  Niesten  considers  there  would  have  to  be  several  thousand 
minor  planets  in  all. 

Several  of  the  minor  planets  have  been  found  only  to  be  lost 
again,  and  their  positions  cannot  now  be  determined.  Included 
in  this  category  are  Scylla  @,  Sylvia  ©,  IHi^Q),  and  Camilla  @. 

Others  {e,ff.  Hilda  @,  Zydia  ©,  Sirana  (^)  have  been  found 
again  after  being  lost. 

Under  favourable  circumstances  Ceres  has  been  seen  with  the 
naked  eye,  having  then  the  brightness  of  a  star  of  the  7^  mag- 
nitude; more  usually,  however,  it  resembles  an  8*^  magnitude 
star.  Its  light  is  somewhat  of  a  red  tinge,  and  some  observers 
have  remarked  a  haziness  surrounding  the  planet,  which  has 
been  attributed  to  the  density  and  extent  of  its  atmosphere. 
Sir  W.  Herschel  once  fancied  that  he  had  detected  2  satellites 
accompanying  Ceres ;  but  its  mass  can  scarcely  be  sufficient  for 
it  to  retain  satellites  around  it  large  enough  to  be  visible  to  us. 
PallaSy  when  nearest  the  Earth  in  Opposition,  shines  as  a  full  7^^ 
magnitude  star,  with  a  decided  yellowish  light.  Traces  of  an 
atmosphere  have  also  been  observed.  Juno  usually  shines  as  an 
8^^  magnitude  star,  and  is  of  a  reddish  hue.  Festa  appears  at 
times  as  bright  as  a  6^^  magnitude  star,  and  may  then  constantly 
be  seen  without  optical  aid,  as  was  the  case  in  the  autumn  of 
1858.  The  light  of  Festa  is  usually  considered  to  be  a  pure 
white,  but  Hind  considers  it  a  pale  yellow '^.  Hind  found  Fictoria 
to  possess  a  bluish  tinge. 

The  orbits  most  nearly  alike  are  those  of  Fides  and  Maia^  and 
Lespiault  has  remarked  that  when  at  their  least  distance  from 
each  other  these  planets  are  separated  by  a  space  which  only 

'  Soi.  SyH.y  p.  85. 
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amounts  to  ^^^  of  the  radius  of  the  £arth*s  orbit,  or  about  4^ 
millions  of  miles. 

Sir  J.  Herschel  once  remarked : — ''  A  man  placed  on  one  of  the 
minor  planets,  would  spring  with  ease  6o'S  and  sustain  in  his 
descent  no  greater  shock  than  he  does  on  the  Earth  from  leaping 
a  yard.  On  such  planets  giants  might  exist ;  and  those  enormous 
animals  which,  on  Earth,  require  the  buoyant  powers  of  water 
to  counteract  their  weight,  might  there  be  denizens  of  the  land^." 
But  to  such  speculations  there  is  no  end. 

Respecting  the  past  history,  so  to  speak,  of  the  minor  planets, 
little  can  be  said.  Olbers,  in  calculating  the  elements  of  the 
orbit  of  PaUa9,  was  forcibly  struck  with  the  close  coincidence 
he  found  to  exist  between  the  mean  distance  of  that  planet  and 
Cere$.  He  then  suggested  that  they  might  be  fragments  of  some 
laige  planet  which  had,  by  some  catastrophe,  been  shivered  to 
pieces.  When  this  theory  was  started  it  appeared  a  not  wholly 
improbable  one,  but  the  discoveries  of  late  years  hiave  upset  it^. 
Nevertheless,  a  very  close  connection  does  apparently  exist 
between  these  minute  bodies,  and  on  this  subject  D'Arrest 
writes : — ''  One  fact  seems  above  all  to  confirm  the  idea  of  an 
intimate  relation  between  all  the  minor  planets;  it  is,  that,  if 
their  orbits  are  figured  under  the  form  of  material  rings,  these 
rings  will  be  found  so  entangled,  that  it  would  be  possible,  by 
means  of  one  among  them  taken  at  hazard,  to  lift  up  all  the  rest.'* 

The  circumstances  which  led  originally  to  a  search  for  planetary 
bodies  in  the  space  intervening  between  Mars  and  Jupiter,  were 
these.     In  the  year  1800,  6  astronomers,  of  whom   Baron  De 


K  OutUnes  of  A»t,,  p.  352. 

^  It  nuty  be  shown  mathemiitioally, 
thAi  if  the  dinroption  of  a  Urge  pUnet 
erer  did  occur,  ita  firagments  (no  matter 
how  diverte  their  snbeeqaent  paths  might 
be)  moit,  if  continuing  to  revolve  round 
the  Sun,  always  pass  through  the  point  at 
which  the  explosion  occurred,  at  one  part 
of  their  orbits.  Sir  W.  Herschel  thus 
expressed  himself  on  this  subject  to  the 
poet  Campbell  according  to  a  letter 
written  by  the  latter:— "He  was  con- 


vinced Uiat  there  had  existed  a  planet 
between  Mars  and  Jupiter,  in  our  own 
system,  of  which  the  little  asteroids,  or 
planetkins,  lately  discovered,  are  indubit- 
ably fragments ;  and '  Remember,*  said  he, 
'  that  though  they  have  discovered  only 
4  of  these  parts,  there  will  be  thou- 
sands—perhaps 30,000  more  yet  dis- 
covered.* This  planet  he  believed  to 
have  been  lost  by  explosion.*'  {J^iff  <ind 
LetterM  of  T.  Campbell,  vol.  ii.  p.  234.) 
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Zach  was  one,  assembled  at  Lilienthal,  and  there  resolved  to 
establish  a  society  of  24  practical  observers,  to  examine  all  the 
telescopic  stars  in  the  zodiac,  which  was  to  be  divided  into  24 
zones,  each  containing  one  hour  of  Right  Ascension,  for  the 
express  purpose  of  searching  for  undiscovered  planets  ^  They 
elected  Schroter  their  president,  and  the  Baron  was  chosen  their 
secretary.  Such  organisation  was  ere  long  rewarded  by  the 
discovery  of  4  planets,  but  as  no  more  seemed  to  be  forthcoming, 
the  search  was  relinquished  in  1816. 

It  does  not  appear  that  any  further  labours  in  this  field  were 
prosecuted  for  some  years,  or  till  about  the  year  1 830,  when  M. 
Hencke,  an  amateur  of  Driesen  in  Prussia,  commenced  the  search 
for  small  planets,  with  the  aid  of  the  since  celebrated  Berlin  Star 
Maps  which  contain  all  stars  up  to  the  9^^  or  10^  magnitudes 
lying  within  15*"  of  the  equator.  It  is  evident  that  a  non-stellar 
body  is  much  more  likely  to  attract  the  notice  of  an  observer 
possessing  and  using  maps  of  this  kind  than  of  one  not  so  provided, 
as  a  change  of  position  virtually  tells  its  own  tale  with  (Hm- 
paratively  little  trouble  to  the  astronomer.  This  series  of  maps, 
one  for  each  hour  of  R.A.,  was  only  completed  in  1859  ;  therefore 
when  Hencke  commenced  he  had  only  a  few  at  his  command, 
and  15  years  elapsed  ere  his  zeal  and  perseverance  produced  any 
result:  but  when  once  one  planet  was  found,  the  discovery  of 
others  quickly  followed. 

Several  of  these  small  planets  were  discovered  independently 
by  two  or  more  observers,  each  without  a  knowledge  of  what  the 
other  had  done.  For  example,  Irene  was  found  by  Hind  on  May 
19  ^8519  a^d  by  De  Gasparis  on  May  23 ;  Masnlia  by  De  Oasparis 
on  Sept.  19,  1852,  and  by  Chacornac  on  Sept.  20 ;  Amphritrite  by 
Marth  on  March  1,  1854,  by  Pogson  on  March  2,  and  Chacornac 
on  March  3  (3  separate  discoveries);  Virginia  by  Ferguson  on 
Oct.  4,  1857,  and  by  Luther  on  Oct.  19;  Eurynome  by  Watson 
on  Sept.  14,  1863,  and  by  Tempel  on  Oct.  3 ;  Hecate  by  Watson 
on  July  II,  1868,  and  by  Peters  on  July  14 ;  Cassandra  by  Peters 
on  July  23,  1 87 1,  and  by  Watson  on  August  6 ;  &c. 

'  See  p.  67,  ante. 
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Deducting  duplicate  discoveries,  Palisa  carries  off  the  palm 
for  the  largest  number,  for  (up  to  the  end  of  1888)  he  had  detected 
68  minor  planets.  Then  comes  Peters  with  47 ;  Luther  with  13 ; 
Watson  with  %%\  BoreUy  with  15;  Goldschmidt  with  14;  Hind 
with  10 ;  and  so  on. 

The  want  of  telescopes  suitable  and  available  for  looking  after 
minor  planets  tends  now  to  hinder  new  discoveries.  All  the 
brighter  ones  have  evidently  been  found ;  and,  speaking  gener- 
ally, each  new  one  is  fainter  than  its  predecessors,  and  con- 
sequently small  telescopes  are  now  incapable  of  doing  the  work. 
The  following  table  will  show  this  better  than  any  argument : — 

First  Group :  Planets  Oto(^ 
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Second 
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0  © 
©-© 
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100  j 


Star  Mag 
8.5 

9-6 

1 0-4 

ii*o 

io*9 

11*2 

11.3 

1 1-6 

ii«6 

1 1*4 

11.5 

,1       ©— © 

The  above  numbers  are  not,  it  is  true,  in  perfect  sequence,  and 
it  is  not  possible  to  complete  the  Table  at  present,  but  my 
meaning  will  be  sufficiently  clear. 

The  figures  in  the  column  headed  "Diameter"  in  the  Table 
(see  Book  VI,  post)  are  the  results  of  calculations  by  Stone  ^. 
Photometric  experiments  made  by  Professor  Stampfer  of  Vienna 
yielded  somewhat  similar  results  ^  But  both  sets  of  figures  are 
probably  more  relatively  than  absolutely  accurate.    Argelander 


^  JfofiM.  ^o^.,  vol.  xxrii.  p.  30a.  June 
1867. 

>  See  Bni]iiiB*8  De  Planetis  Minoribu9, 
BerUn  1856,  for  details.  Some  phytical 
inveatigatioiit  by  Newcomb  into  the  orbits 


of  certain  of  these  planets  will  be  fonnd  in 
Mem.  of  the  American  Aead.,  vol.  v.,  N.8., 
pp.  1 33-35 '  1^  abstract  appears  in  Month, 
Not.y  vol.  xxi.  pp.  55-7.    Dec.  i86a 
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published  some  suggestions  for  determining  the  brightness  of 
these  planets™.  Pickering  also  has  made  a  few  endeavours  in 
this  direction '^.  In  Homstein's  opinion  all  the  larger  Minor 
Planets  have  now  been  found,  and  those  having  a  greater  diameter 
than  25  geographical  miles  are  few  in  number.  Omitting  a  few 
of  comparatively  larger  size,  he  puts  the  general  diameter  of  the 
bulk  of  them  at  from  5  to  15  miles  ^ 

Below  are  given  the  names  of  the  only  minor  planets  for  the 
determination  of  whose  places  we  as  yet  possess  Tables.  It  is 
not  likely  that  this  list  will  ever  be  much  enlarged,  for  the  in- 
crease of  late  years  in  the  number  of  these  planets  has  severely 
taxed  the  patience  of  astronomical  computers. 

By  Becker : — Tables  for  Amphitrite. 

By  Brlinnow : — Tables  for  /m,  Ihra^  Victaria, 

By  Hansen : — Tables  for  Egeria, 

By  Lesser: — Tables  for  MetU^  LtUetia,  Pomona. 

By  Leveau : — Tables  for  Festa. 

By  MoUer: — Tables  for  Pandora. 

By  Schubert: — Tables  for  Pariienape,  Eunomia^  Melpomene^ 
Harmonia. 

^  Month.  Not.,  Yol.  ZTi.  p.  ao6.    June  ®  Sitzangahtrichie  der  Math.  Natur- 

1856.     Aat.  Naeh;  vol.  xlii.   No.   996.  tpUgen9ch<\ftlichen  CUu»e  der  Kaiserlichen 

Nov.  39,  1885.  Akademie,  vol.  Ixxxiv.  pt.  ii.  p.  7.  June  2, 

■  Annals  of  the  Observatory  of  Har-  1881. 
rard  College,  1879. 


rffio:  Much  ii.     ,V< 


1860:  April  9.    {Baxmdfll.) 
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CHAPTER  XI. 

JUPITER^.     ^ 

P^Hodf  4^ — Jupiter  tubject  to  a  dighi  phtue. — lU  Belts.—Tkeir  pk^Mteal  nature. — 
Piret  oAmtmcI  hjf  Zuechi, — Dark  Spats. — Lmuinous  SpoU. — The  greai  Med 
Bpttt.—'Tke  grmt  White  Spat.^Rough'e  clb9ervaHone.-^AUeffed  CfmmietUm 
iilgw  Speie  om  Jupiter  and  Spots  on  the  Sun. — AxieU  rotoHon  ^  Jupiitr. — 
Centrifugal  force  at  its  Equator. — Luminosity  of  Jupiter, — Its  Apparent 
Moii&ns. — Astrological  ii^uenees.^Attended  by  4  Satellites. — Are  iiUy  eisible 
ie  the  Naked  Ege  1— Table  ofthem.^Eclipses  qfthe  Satellites.-^Oceultaiians.— 
Trtmeits, — Peeuliar  aspects  of  the  Satellites  when  in  transit, — Singular  eir* 
eumetmnee  connected  with  the  interior  ones. — Instances  of  all  being  invisible, — 
Varimti&ns  in  their  briUiancg. — Observations  qf  Eclipses  for  determinisig  the 
hngiinde. — Practical  difficulties. — S6mer^s  discovery  of  the  progressive  trans- 
mission  qf  light.— Mass  of  Jupiter.— The  «  areat  Inequalitg:*— Tables  of 
Jupiter, 

JUPITER,  the  largest  planet  of  our  system,  revolves  round  the 
Son  in  4332*6^  or  1 1-86^  at  a  mean  distance  of  483,288,000 
miles.  The  eccentricity  of  its  orbit  is  0*048,  so  the  planet  may 
recede  from  the  Sun  to  506,563,000  miles,  or  approach  it  to  within 
460,01 3,000  miles.  The  planet's  apparent  diameter  varies  between 
49*9^  in  opposition  and  30*4''  in  conjunction,  being  40*13''  at  its 
mean  distance,  according  to  very  elaborate  measurements  by 
Main.  The  equatorial  diameter  is  88,400  miles  or  thereabouts. 
The  compression  is  greater  than  that  of  any  other  planet  except 
Saturn,  and  amounts,  according  to  the  trustworthy  observations 
of  Main,  to  it^tt*  -^  ^^^  values  of  this  quantity  are  closely  in 
accord:  e.g.  Lassell  gave  tt*fi« 

*  ImporUiii  modem  delineatioiu  of  ing);  vol.  xxziv.  p.  335.  March  1874 
JnpiterwUl  be  fonnd  AS  follows: — Month.  (the  Earl  of  Boese);  vol.  xzziv.  p.  403. 
Not.,  vol.  zzxi  p.  34.  Deo.  1870  (Brown-      Jane  1874  (Knobel). 
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Jupiter  J3  subject  to  a  alight  phase*";  in  quadraturea  it  is 
gibbom:  for  reasons  referred  to  in  treating  of  Mars,  the  illu- 
minated poiiion  always  exceeds  a  semicircle,  and  in  point  of 
fiwjt,  owing  to  the  greatly  increased  distance  of  Jupiter,  the 
defalcation  of  light  is  very  small,  but  perceptible  nevertheless 
in  the  form  of  a  slight  shading  off  of  the  limb  farthest  from  the 
Sun.  Webb  has  noted  that  this  is  more  easily  seen  in  twilig] 
than  in  full  darkness. 

Fig-  HS- 


he 


856.    {Dt  La  Sui.) 

The  principal  telescopic  feature  of  Jupiter — its  belts— are  well 
known,  at  least  by  name,  to  every  one.  They  are  dusky  streaks 
of  varying  breadth  and  number,  lying  more  or  leas  parallel  to 
the  planet's  equator  =,  Various  theories  have  been  broached  to 
explain  the  belts,  but  it  is  generally  supposed  that  the  planet  is 
enveloped  in  dense  masses  of  cloud,  and  that  the  belts  are 
merely  longitudinal  fissures  in  these   clouds,  laying   bare   the 

"Sir  J.   Henwhel  snyg  the  contrary.  '  A  oireunuUnoe  first  remnrked   bj 

l)ut  that  ia  oerUiul]'  an  ovenight.  Grimoldi  in  1648. 
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solid  body  beneath^.  The  belts,  or,  as  we  should  on  this  theory 
with  more  propriety  call  them,  the  atmospheric  fissures,  are 
constantly  changing  their  features  r  occasionally  only  2  or  3 
broad  ones  are  seen  ;  at  other  times  as  many  as  8,  10,  or  even  a 
dozen  narrow  ones  appear.  They  are  not  permanent,  but  change 
from  time  to  time,  and  occasionaUy  with  extreme  rapidity;  even 
in  the  course  of  a  few  minutes.  On  this  point,  writing  in  1877, 
Todd  remarks : — "  I  was  much  impressed  on  some  nights  with 
the  sudden  and  extensive  changes  in  the  cloud  belts,  as  though 
some  tremendous  storm  was  in  progress  on  the  planet's  surface, 
changing  the  form  and  dimensions  of  the  cloud  belts  in  an  hour 
or  two,  or  even  less^"  At  other  times  the  change  they  undergo 
is  but  gradual,  and  they  retain  nearly  the  same  forms  for  several 
consecuiiye  months.  They  are  commonly  absent  immediately 
under  the  equator,  but  North  and  South  of  tUs  there  is  usually 
one  wide  streak  and  several  narrower  ones.  At  each  pole  the 
luminosity  of  the  planet  is  feebler  than  elsewhere.  The  belts, 
distinguished  from  the  general  hue  of  the  planet  (often  rose- 
coloured),  are  usually  greyish  ;  but  superior  optical  power  brings 
out  traces  of  a  brownish  tinge,  especiaUy  on  the  laiger  ones. 
Occasionally  (as,  for  instance,  during  the  years  1869-72,  accord- 
ing to  numerous  observers)  the  belts  are  characterised  by  much 
colour;  "copper,"  "deep  purple,"  "claret,''  "red,"  "orange," 
"  Roman  ochre,"  are  some  of  the  terms  employed  by  Browning 
and  others.  A  sketch  by  Lassell  is  annexed.  He  described  the 
colours  recorded  in  the  margin  as  '^  unmistakable '."  It  is  also 
to  be  remarked  that  they  fade  away  towards  the  margin  of  the 
disc  on  either  side — a  circumstance  which  it  may  be  presumed  is 
connected  with  the  fact  that  the  portions  of  the  planet's  atmo- 
sphere near  the  limbs  are  necessarily  viewed  by  us  obliquely. 
Sometimes,  but  rarely,  oblique  belts  may  be  seen  [Figs.  83-4]  ; 
and  with  large  telescopes  sundry  irregularities  show  themselves, 
which  to  smaller  instruments  are  merged  in  fewer  and  simpler 

'  I  have  nied  the  word  "clouds**  in  *  Month,   Not.,   yol.  xxzvii.  p.   385, 

the  text,  but  their  reeembUnce  to  the  April,  1877. 

eloodi  of  oar  own  atmosphere  moit,  for  '  Month,  Not.,  vol.  xxzii.  p.  83.    Jan. 

many  reasons,  be  only  remote.  1873. 
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outlines.  Gi-een  has  advaaced  various  reasons  for  the  opinioli 
that  the  bright  surface  on  Jupiter  is  at  a  higher  elevation  than 
the  dark  surface,  thereby  indeed  supporting  the  theory  already 
mentioned  ».  The  belts  of  Jupiter  were  first  observed  by  Zucchi, 
at  Rome,  on  May  17,  1630,  according  to  Biccioli'' ;  but  a  claim 
has  been  put  in  011  bthalf  of  Torricelli'. 


Spots  are  occasionally,  but,  ^ith  a  special  exception  to  be 
Doted  presently,  not  very  frequently,  visible  on  Jupiter.  Hooke 
makes  the  first  record  of  one  in  May  1664''.  He  watched  it 
in  motion  for  about  2^,  and  it  seems  to  have  been  sheer  idle- 
ness that  led  him  to  neglect  observations  of  it  for  determining 
the  planet's  axial  rotation — an  honour  reserved,  as  we  shall 
presently  see,  for  J.  D.  Caasini.  Between  Dec.  11,  1834  and 
March  19,  18301  a  remarkable  spot  was  observed  at  Cambridge 
■  Ohiereatoiyivel.  vi.  p.  111.     April 


"  Almas.  N«r 


i.  p.  4S6. 


<  M»U,  Jour.  Hogal   iu 
4y4.    M»jl83i. 
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by  Airy :  during  a  portion  of  this  interval  a  second  was  seen. 
In  1843  a  very  large  black  spot  was  observed  by  Dawes,  and  in 
Nov.  and  Dea  1858  two  oblong  dark  spots  were  noted  by  Lassell 
as  interesting  objects'.  Luminous  spots  closely  resembling 
satellites  in  transitu  were  detected  for  the  first  time  in  1849  by 
Dawes  ""s  and  were  seen  in  the  following  year  by  Lassell  ^  In 
the  autumn  of  1857  Dawes  again  noticed  some,  and  forwarded 

Fig.  87. 
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SPOTS  ov  JUPmB,  ocTOBKR  6, 1857.    (5»>  W,  K,  Murray,) 

drawings  of  them  to  the  Royal  Astronomical  Society^  which  will 
repay  examination.  On  Oct.  25  he  counted  no  fewer  than  11, 
all  clustered  together  in  the  Southern  hemisphere  ".  In  Nov.  of 
the  following  year  (1858)  Lassell  observed  another  cluster,  in  the 
Southern  hemisphere,  but  nearer  the  equator  than  those  seen  by 
Dawes,  and  in  a  bright  belt.  [See  PI.  XI.  Figs.  81-4.]  It  was 
much  more  difiicult  to  catch  these  than  the  former  ones. 
Luminous  spots  were  observed  also  in  1858,  1859,  and  i860  by 
Sir  W.  K.  Murray  °,  and  in  1870  by  various  observers. 

I  Month,  Not.  Tol.  xix.  p.  53.     Dec.  "  Month,  Not. ^  vol,  XYiil,  pp,  6  mud  ^g, 

1858.    One  of  them  (in  the  drawing  at  Nov.  and  Dec  1857. 

least)  it  pradtelj  like  a  garden  slug  !  «  Month.  Not.,  vol.  xix.  p.  51.    Dec. 

*  Month,  Not.,  yol.  x.  p.  134.    April  1858;  Ibid.,  vol.  xx.  p.  58.    Dec.  1859; 

185a  Ihid.,  yol.  XX.  p.  331.    June  i860. 

N 
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The  most  celebrated  spot  on  Jupiter  that  has  ever  been  recorded 
is  that  which  was  known  as  *'  the  great  red  spot/'  first  con- 
spicuously noticed  in  July  1878,  and  which  occupied  a  position 
immediately  South  of  the  dark  belt  on  the  Southern  boundary 
of  the  equator.  Its  large  size  and  singular  boldness  of  out- 
line aroused  the  keenest  interest  amongst  astronomers.  From 
measures  made  with  the  iH^-in.  refractor  at  Chicago  in  the 
years  1879-82,  the  mean  dimensions  and  position  of  the  spot 
were  as  follows : — Length  ii'73",  Breadth  3'58",  Latitude  7*25'  S. 
These  figures  correspond  to  a  length  of  about  27,000  miles  and 
a  breadth  of  8000  miles.  The  intense  red  colour  and  permanency 
of  the  spot  called  for  especial  remark.  Very  little  change  in 
its  shape  or  appearance  occurred  until  the  autumn  of  1882,  when 
it  sensibly  began  to  fade ;  and  during  the  ensuing  year  it  became 
extremely  faint^  though  still  preserving  its  integrity  of  form. 
By  the  spring  of  1884  the  spot  was  to  be  seen  with  difficulty,  as 
it  became  involved  with  the  dusky  belts,  and  lost  much  of  its 
definiteness  of  outline.  This  object  offered  an  excellent  means 
for  rediscussing  the  rotation-period  of  Jupiter.  From  some 
observations  in  1878,  compared  with  his  own  up  to  the  end  of 
1883,  Denning  found  the  period  to  be  9^  55™  36'2",  from  4586 
rotations ;  but  the  motion  was  not  uniform,  for  during  the  interval 
of  more  than  5  years  embraced  by  the  observations  the  time 
increased  5  seconds.  At  the  Opposition  of  1879  ^*  ^^  9^  55^  34'» 
but  in  1883  had  increased  to  9''  55"'  39".  This  extensive  drift 
in  longitude  proves  the  spot  to  have  been  atmospheric,  and  not 
a  fixed  object  on  the  actual  surface  of  the  planet.  The  rotation- 
period  it  has  exhibited  may  not  thei*efore  coincide  with  the  true 
period  of  Jupiter. 

Fig.  88  represents  the  red  spot  on  Jupiter  as  seen  with  a 
lo-inch  reflector  in  the  summer  of  1887. 

During  the  last  few  years  a  brilliant  white  spot  has  been 
visible  on  the  equatorial  border  of  the  great  Southern  belt.  A 
curious  fact  in  connection  with  this  spot  is,  that  it  moves  with  a 
velocity  of  some  260  miles  per  hour  greater  than  the  red  spot. 
Denning  obtained    169   observations   of   this   bright    marking 
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Jupitei 
and  determined  the  period  as  g^  50"  H-y 


{,5i  minutes  less  than  that  of  the  red  spot),  and  this  period 
increased  with  the  time.  In  1880-Hi  it  was  9''  50"  5-8',  but 
during  1883  augmented  to  9''  50""  11  •4'.  The  swifter  motion  of 
this  object  enabled  it  to  complete  a  revolution  of  Jupiter  relatively 
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17.     ( IT.  F.  Dnniug.) 


to  the  red  spot  in  45''  14''  37-5'".  During  the  11 15  days  which 
elapsed  from  Nov.  19,  1880,  to  Dec.  9,  iS8'^,  it  performed  35 
rotations  more  than  the  red  spot.  Although  the  latter  la  now 
somewhat  faint,  the  bright  spot  gives  promise  of  remaining 
visible  for  many  years. 

During  1886  a  lai'ge  number  of  observations  of  Jupiter  were 
made  at  the  Dearborn  OK'wrvatory,  Chicago,  U.S.,  by  Prof.  G.  W. 
Hough,  using  the  i8i-inch  refractor  of  the  observatory.  Inasmuch 
as  these  observations  are  not  only  of  high  intrinsic  interest,  but 
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are  in  conflict  to  some  extent  with  previous  records,  a  somewhat 
full  abstract  of  them  will  be  useful  ^ : — 

*'  The  object  of  general  interest  is  the  great  red  spot.  The  outline,  fhape,  and  nxe 
of  this  remarkable  object  has  remained  without  material  change  from  the  year  1S79, 
when  it  was  first  observed  here,  until  the  present  time.  According  to  our  observa- 
tions, during  the  whole  of  this  period  it  has  shown  a  sharp  and  well-defined  outline, 
and  at  no  time  has  it  coalesced  or  been  joined  to  any  belt  in  its  proximity,  as  has 
been  alleged  by  some  observers. 

"During  the  year  1885,  the  middle  of  the  spot  was  very  much  paler  in  colour 
than  the  maigins,  causing  it  to  appear  as  an  elliptical  ring.  The  ring-form  has 
continued  up  to  the  present  time.  While  the  outline  of  Uie  spot  has  remained 
very  constant,  the  colour  has  changed  materially  from  year  to  year.  During 
the  past  three  years  [1884-^  it  has  at  times  been  very  faint,  so  as  barely  to  be 
visible. 

"The  pendstenoe  of  this  object  for  so  many  years  leads  me  to  infer  that  the 
formerly-accepted  theory,  that  the  phenomena  seen  on  the  surface  of  the  planet  are 
atmospheric,  is  no  longer  tenable.  The  statement  so  often  made  in  text-books,  that 
in  the  course  of  a  few  days  or  months  the  whole  aspect  of  the  planet  may  be  changed, 
is  obviously  erroneous. 

"The  rotation-period  of  Jupiter  from  the  red  spot  has  not  materially  changed 
during  the  past  three  years.  The  'mean*  period,  1884-5,  was  9^  55"*  40-4** 
Marth*s  ephemeris  for  the  present  year  is  based  on  a  period  of  9^  55"*  40.6*.  The 
mean  correction  to  this  ephemeris  is  now  [May  1887]  only  about  minus  7  minute?, 
indicating  a  slightly  less  value. 

*'  The  oval  white  spots  on  the  Southern  hemisphere  of  the  planet,  9"  S.  of  the 
equator,  have  been  systematically  observed  at  every  Opposition  during  the  past 
8  years.  They  are  generally  found  in  groups  of  three  or  more,  but  are  rather 
difficult  to  observe.  The  rotation-period  deduced  from  them  is  nearly  the  same  as 
ftx>m  the  great  red  spot. 

*'  These  spots  usually  have  a  slow  drift  in  longitude  of  about  0*5^  daily  in  the 
direction  of  the  planet's  rotation,  when  referred  to  the  great  red  spot ;  corresponding 
to  a  rotation-period  of  ao  seconds  less  than  the  latter." 

It  is  not  known  what  is  the  physical  nature  of  either  the  dark  or 
the  luminous  spots,  but  observations  by  Brett  indicate  (he  thinks) 
that  the  large  white  patches  on  the  equatorial  zone  of  Jupiter 
cast  shadows :  thus  showing  that  these  patches  project  above  the 
general  surface  visible  to  us.  The  appearances  presented  point  to 
the  conclusion  that  we  do  not  see  the  actual  body  of  the  planet 
itself  either  in  the  dark  belts  or  in  the  bright  ones  \  The  usual 
form  of  both  kinds  of  spots  is  more  or  less  circular. 

It  has  been  already  pointed  out  in  Chap.  I.  (ante)  that  some 

^  Annual  Beport  of  Chicago  Aft.  80c.  ^  Month.    Not.y  vol.  xxxiv.    p.    359. 

1887,  p.  10.  May  1874. 
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rdationship  has  been  thought  to  exist  between  Sun-spots  as 
regards  their  period  and  the  position  of  Jupiter  in  its  orbit ;  but 
Ranyard  extends  this  idea  considerably.  He  points  out  an 
apparent  identity  in  point  of  time  between  the  prevalence  of 
spots  on  the  Sun  and  spots  on  Jupiter,  and  proceeds  to  infer  that 
spots  on  Jupiter  are  indicative  of  disturbance  on  Jupiter,  and  that 
botii  classes  of  phenomena  are  dependent  upon  some  extraneous 
coBniical  change,  and  are  in  no  sense  related  as  cause  and  effect, 
the  supposed  cause  being  Jupiter's  attraction,  and  the  supposed 
effect  an  atmospheric  tide  on  the  Sun.  The  observations  of 
Jupiter  which  are  available  for  the  confirmation  of  the  truth  of 
this  theory  are,  previous  to  1850,  too  few  and  too  casual  to  be 
conclusive ;  but  such  as  they  are  they  have  been  tabulated  by 
Ranyard,  and  unquestionably  countenance  his  theory  y.  Brown- 
ing suggests  that  evidence  exists  to  show  that  the  red  colour  of 
Jupiter*s  belts  is  a  periodical  phenomenon  coinciding  with  the 
epoch  of  Sun-spot  maxima'.  That  in  a  general  way  the  colour 
of  Jupiter  varies  from  time  to  time  he  is  firmly  convinced. 

Cassini,  by  closely  watching  the  spot  which  he  first  saw  in 
July  1665,  noticed  movement^  and  regarded  this  as  a  proof  of  the 
planet's  axial  rotation,  the  period  of  which  he  found  to  be  about 
9**  56".  The  independent  observations  of  Airy  and  Madler  in 
1835  give  9**  55"  2 1  •3',  and  9**  55"*  26-5",  and  afford  another 
illustration  of  the  care  bestowed  by  Cassini  on  his  astronomical 
researches.  The  later  observations  of  Cassini,  those  of  Sir  W. 
Herschel,  and  those  of  Schroter  indicate  results  not  free  from 
anomalies ;  Sir  William  s  various  determinations  fluctuated  to  an 
extent  of  nearly  5*",  a  discordance  far  beyond  that  which  is 
assignable  to  eiTors  of  observation ;  and  the  unavoidable  conclu- 
sion is,  that  the  spots  employed  by  those  3  astronomers  in  their 
investigations  were  affected  (as  they  themselves  believed)  by  a 
proper  motion  of  their  own.  Schmidt  found  the  period  to 
be  9'»  55"  287«. 

'  Month,  yot.t  vol.  xxxi.  p.  34,  Dec.  '  Month.  Not.,  vol.  zzxi.  p.  75,  Jsd. 

1870:   p.  aoi,  May  1871;    and  p.  224,       1H71. 
Jiiiie  1871. 
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The  axial  rotation  of  Jupiter  being  so  much  quicker  than  that 
of  the  Earth,  combined  with  its  diameter  being  so  much  greater, 
results  in  the  rotating  velocity  of  a  particle  at  its  equator  being 
greater  than  on  any  other  planet — ^466  miles  per  minute,  against 
the  Earth's  17  miles  per  minute.  It  will  at  once  be  per- 
ceived that  the  intensity  of  the  centrifugal  force  must  be  very 
great,  and  the  polar  compression  likewise.  Hind  calls  attention 
to  this  rapid  rotation  as  offering  some  compensation,  by  the  heat 
which  it  must  evolve,  for  the  diminished  power  of  the  Sun's  rays 
at  the  distance  of  Jupiter. 

Under  favourable  circumstances  Jupiter,  like  Mars,  rivals 
Venus  in  brilliancy,  and  even  casts  a  shadow.  G.  P.  Bond  found 
that  for  photographic  purposes  its  surface  reflects  light  better 
than  that  of  the  Moon  in  the  ratio  of  14  to  1  ^.  Zollner  has 
calculated  that  Jupiter  reflects  0*62  of  the  light  it  receives,  the 
Moon  reflecting  but  0*17  of  the  incident  light.  Bond  computed 
that  Jupiter  actually  emits  more  ]ight  than  it  receives  (I) :  but 
whether  we  accept  this  problematical  result,  or  the  more  trust- 
worthy one  obtained  by  Zollner,  strong  indications  of  inherent 
luminosity  in  Jupiter  seem  te  exist;  and  this  pointe  te  the 
conclusion  that  this  planet  is  itself  a  miniature  Sun.  The  heat 
derived  from  the  Sun  only  would  leave  water  on  Jupiter's 
surface  above  500^  below  freezing  point,  so  that  any  clouds  must 
arise  fi*om  internal  heat.  Moreover,  if  we  conceive  the  Earth 
and  Jupiter  te  have  been  simultaneously  created,  Jupiter  would 
retain  its  heat  for  ages  after  the  Earth  had  cooled  down. 

Seen  from  the  Earth  the  apparent  motion  of  Jupiter  is  some- 
times retrograde.  The  length  of  the  arc  of  retrogradation  varies 
from  9°  51'  te  9°  59',  and  the  time  of  its  performance  from  116** 
iS**  to  122**  12'*.  The  retrograde  motion  begins  or  ends,  as  the 
case  may  be,  when  the  planet  is  at  a  distance  from  the  Sun, 
which  varies  from  113**  35'  to  1 16°  42'.'* 


^  Month.  SoLt  vol.  xzi.  p.  198.     May  planet  is  from  the  San,  the  less  will  be 

1861.  the  extent  of  its  arc  of  retrogresrion,  but 

"It  may  here  be   noted   that,   as  a  the  greater  will  be  the  time  occupied  in 

general    rule,    the    farther    a    superior  describing  it. 
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In  by-gone  days  Jupiter  was  not  without  its  Bupposed  astro- 
logical influences.  It  was  considered  bo  be  the  cause  of  storms 
and  tempests,  and  to  have  power  over  the  prosperity  of  the 
v^etable  kingdom.  Pliny  thought  that  lightning,  amongst  other 
things,  owed  its  origin  to  Jupiter.  An  old  MS.  Almanac  for 
1386  states,  that  "  Jubit  es  hote  and  moyste,  and  dooa  weel  til  al 
thyngee,  and  noyes  nothing." 

Jupiter  is  attended  by  4  satellites',  3  of  them  seen  for  the  first 
timeby  QaIileo,atPadtia,on  Janaary7, 1610',  but  not  determined 
to  be  satellitee  till  the  following  day,  whilst  the  whole  four 
were  not  seen  all  together  till  Jan.  13.  They  shine  with  the 
brilliancy  of  stars  of  the  6*^  or  7"*  magnitude ;  but,  owing  to 
their  proximity  to  their  primary,  are  usually  invisible  to  the 

Fig.  89. 
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naked  eye,  though  several  instances  to  the  contrary  are  on 
record.  Mr.  C.  Mason  states  that  on  April  15,  1K63,  finding 
Jupiter  conveniently  placed  for  the  purpose,  he  determined  to 
make  a  systematic  attempt  to  solve  the  problem  frequently 
declared  to  bo  an  impossibility.  After  a  steady  gaze  of  8"  or 
lo"  be  was  able  to  assure  himself  that  in  close  proximity  to 
Jupiter  he  could  see  a  little  star.  Having  resorted  to  various 
precautions  to  prevent  self-deception,  ho  at  length  turned   his 

■  Nhdm)  bj  Simon   Huiim,  >   Trail-  '  Sidrriui  Nuncint ;   Optre  di  Oali- 

dalaot  ol^mant  of  tbrir  dimnvrrf,  to.  tto,  toI.  ii.  p.    15  el   teq.     Ed.    Pkdiu. 

Ewofw,     Gsnjmede,    ('■Uisto.      TbeM  1744.     Au  EngtJab  TraoaUtion  by  E.  S. 

nuDM  h«Te  Dcver  b«u  iu  use.  L'kriu*  wu  publiihcd  in  London  in  188a. 
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refractor  of  4J  inches  aperture  on  the  planet  and  fouad  in  the 
position  corresponding  to  that  indicated  by  the  naked  eye  (allow- 
ance being  made  for  inversion)  ail  the  4  Batetlites  on  the  same 
side  of  the  planet.  He  states  that  until  referring  to  the  Nautical 
Almanac  a  few  minutes  before  using  the  telescope  he  had  no  idea 
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as  to  their  conflguration,  and  is  the  more  convinced  that  with 
the  naked  eye  he  really  did  see  the  4  aa  one '.  It  i»  quite  certain 
that  satellites  II  and  III  were  seen  on  Jan.  15,  i860,  by  some 
oftieera  of  H.  M.  S.  "Ajoj!,"  in  Kingstown  Harbour,  near  Dublin  '. 
Mr,   Levander  and   othei-a   at    Devizes  asserted  that  on  April 


31,  iHsg,  they  saw  2  of  these  bodies,  in  1852  an  American 
missionary  of  the  name  of  Stoddard,  at  Oroomiah  in  Persia,  re- 
peatedly saw  two  satellites  in  the  twilight,  so  long  as  Jupiter  itself 
was  devoid  of  an  overpowering  glare.  Wrangel,  the  celebrated 
Russian  traveller,  stated  that  when  in  Siberia  he  once  met  an 
hunter  who  said,  pointing  to  Jupiter.  "  I  have  just  seen  that  large 
'  MD»rk.  y,.l.,  vol.  xxiii.  p.  J15.    M.j  •  Monlh.  X„l..  v.il.  w.  ji.  in.  Ma 
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star  swallow  a  small  one,  and  vomit  it  shortly  afterwards.'*  The 
Russian  remarks  that  the  sportsman  here  referred  to  an  immer- 
sion and  subsequent  emersion  of  the  III'^  satellite,  on  which 
Arago,  who  makes  the  citation,  says,  '^  It  is  well  known  that  the 
acuteness  of  sight  of  those  natives  and  of  the  Tartars  has  become 
proverbial.*'  Other  similar  observations,  including  one  by  him- 
self, are  given  by  Webb^,  so  that  we  may  now  regard  the 
question  of  possibility  as  decided  in  the  affirmative. 

The  satellites  of  Jupiter  are  capable  of  being  seen  with  so 
little  optical  assistance  that  it  is  worth  while  to  enter  at  some 
length  into  a  consideitition  of  them. 

They  are  distinguished  by  ordinal  numbers  proceding  out- 
wards. Thus  the  '<I«^"  satellite  is  the  one  nearest  to  the 
primary;  the  "IV*^*'  the  one  most  distant  therefrom.  To 
determine  which  is  which,  the  diagrams  given  in  the  Nautical 
Almanac  will  usually  be  necessaiy,  but  the  III'^,  as  the  largest 
and  brightest,  will  generally  be  identified  with  least  difficulty. 
In  small  telescopes  it  is  scarcely  possible  to  say  that  there  is 
anything  to  distinguish  the  satellites  from  stars,  beyond  a 
noticeably  greater  steadiness  of  light ;  increased  power  will 
reveal  discs,  but  a  very  considerable  augmentation  is  requisite 
for  detecting  physical  peculiarities.  '^  The  discovery  of  4  bodies 
revolving  round  a  primary,  exhibited  a  beautiful  illustration 
of  the  Moon's  revolution  round  the  Earth,  and  furnished  a  most 
favourable  argument  in  favour  of  the  Copemican  theory  °.  The 
announcement  of  this  fact  pointed  out  also  the  long  vista  of 
similar  discoveries  which  have  continued  from  time  to  time 
down  to  the  present  day  to  enrich  the  solar  system,  and  to  shed 
a  lustre  on  the  science  of  astronomy." 

The  eclipses,  occultations,  and  transits  of  the  Jovian  satellites 
ofier  an  endless  series  of  interesting,  and  indeed  useful,  pheno- 
mena. The  !■*,  IP*,  and  III'*  satellites,  in  consequence  of  the 
smallness  of  the  inclinations  of  their  orbits,  undergo  once  in 

^  Cele$t.  Objects,  p.  144.  and  Romieh  eoclesiastics,   who  assailed 

<"  The  argument,  however,  failed  to  Galileo's  views  respecting  these  satellites 
command  the  acceptance  of  divers  Popes       with  great  bitterness  for  many  years. 
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eveiy  revolution  an  eclipse  in  the  shadow  cast  by  the  planet 
into  space.  The  IV^,  however,  frequently  escapes  this  ordeal, 
in  consequence  of  the  plane  of  its  orbit  being  somewhat  more 
inclined  than  is  the  case  with  the  others,  and  its  distance  from 
the  primary  being  so  considerable. 

When  the  satellites  enter  the  shadow  the  immersion  is  said  to 
take  place ;  when  they  come  out  of  it,  the  emersion — terms  which 
explain  themselves.  Closely  associated  with  the  eclipses  are  the 
occultations — ^a  word  employed  to  express  the  concealment  of  the 
satellites  by  the  direct  interposition  of  the  planet  itself,  indepen- 
dently of  the  shadow.  When  the  planet  has  passed  its  conjunc- 
tion with  the  Sun,  the  shadow  is  projected  on  the  Western  side, 
and  at  this  time  both  the  immersions  and  emersions  of  the  III^ 
and  IV^  satellites  may  be  observed,  but  not  always  those  of  the 
11°^;  and  only  the  emersions  of  the  P\  in  consequence  of  its 
proximity  to  the  planet  causing  it  (after  first  undergoing  an 
occultation)  to  enter  the  shadow  behind  the  planet.  When 
Jupiter  is  near  its  Opposition  to  the  Sun,  the  immersions  and 
emersions  take  place  very  close  to  the  planet's  limbs.  As  the 
planet  again  approaches  Conjunction  the  shadow  is  projected  on 
the  Eastern  side,  giving  rise  to  phenomena  partly  comple- 
mentary to  those  set  forth  above.  In  other  words,  whilst  the 
immersions  and  emersions  of  III  and  IV  are  always  visible, 
and  those  of  II  frequently  visible,  the  immersions  only  of  I  can 
be  perceived  because  it  emerges  behind  Jupiter ;  when  this  one 
does  reappear  it  is  on  emersion /r(?m  an  occultation. 

The  occultations  "genei-ally  requii-e  much  more  powerful 
instruments  for  their  satisfactory  observation  than  the  eclipses. 
With  a  telescope  of  adequate  power  we  may  trace  the  gradual 
disappearance  of  the  satellite  from  the  first  contact  with  the  limb 
of  the  planet  to  its  final  obscuration  behind  the  disc ;  and,  as 
viewed  with  such  an  instrument,  these  phenomena  are  highly 
interesting.  The  occultations  of  the  IV'**  satellite  are  usually 
visible  both  at  disappearance  and  at  reappeai*ance  ;  those  of  the 
nr*  also  are  frequently  so  observable.  But  it  happens  much 
more  rarely  that  the  complete  phenomenon   can    be  observed 
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in  regard  to  the  11°^  satellite,  while  the  immersion  and  emer- 
sion of  the  I**  can  only  be  visible  a  day  or  two  before  or  after 
the  Opposition  of  Jupiter,  as  at  all  other  times  either  the  im- 
mersion or  emersion  must  happen  while  the  satellite  is  obscured 
in  the  planet's  shadow.  Thus  it  most  usually  occurs  that  from 
Conjunction  to  Opposition  the  reappearances  only  of  the  I'*  and 
IP^  satellite  can  be  observed,  and  ther  disappearances  only  from 
Opposition  to  Conjunction^." 

Far  more  interesting  are  the  transits  of  the  satellites  and  their 
shadows  across  the  planet — phenomena  which,  it  is  easy  to  under- 
stand, are  of  frequent  occurrence  when  the  satellites  are  in  those 
parts  of  their  respective  orbits  which  lie  nearest  to  the  Earth. 
The  satellites  appear  on  the  disc  of  their  primary  as  round  lumi- 
nous spots  preceded  or  followed  by  their  shadows,  which  show 
themselves  as  round  black  or  blackish®  spots.  The  shadow 
precedes  the  satellite  when  Jupiter  is  passing  from  Conjunction 
to  Opposition,  but  follows  it  when  the  primary  is  between 
Opposition  and  Conjunction.  When  actually  in  Conjunction  the 
shadow  is  in  a  right  line  with  the  satellite,  and  the  two  may  be 
superposed. 

Some  peculiarities  in  the  appearance  of  the  satellites  during 
transit  are  too  well  attested  to  be  passed  over.  Ill  in  particular 
is  nearly  always  seen  almost  or  quite  as  dark  as  its  shadow,  but 
on  rare  occasions  appears  dusky  and  shaded.  IV  haa  been 
often  seen  dark  ^,  but,  according  to  Dawes,  II  has  never  had  the 
slightest  shading  on  the  disc  within  his  knowledge,  and  I  only 
a  grey  tinge,  inferior  by  many  shades  to  that  usually  possessed 
by  III.  Contrast  has  evidently  a  good  deal  to  do  with  the 
bringing  out  of  these  shadings,  but  the  circumstances  attending 


^  Hind,  Sol.  Syit,  p.  loo.  (Modified 
in  one  place.) 

*  Blackish,  because  the  visible  margin 
is  not  that  of  the  true  shadow,  but  of  a 
penumbra  which  surrounds  the  shadow, 
though  it  is  rare  for  this  penumbra  to 
be  observable  as  an  actual  ring  sur- 
rounding the  shadow.  (See  an  instance 
recorded  by  T.  H.  Bufifham  in  Ati.  Beg., 


vol.  viii.  p.  37.     Feb.  1870.) 

'  Roberts  (3foi»^.  Not.,  vol.  xxxiii.  p. 
413.  April  1873);  Firmstone  {Ibid.,  p. 
460.  May  1873) ;  Burton  {Ibid,,  p.  47a. 
Jnne  1873),  Ac.  On  Aug.  21,  1867, 
Prince  saw  IV  as  a  "  round  black  spot/* 
its  colour  being  as  nearly  as  possible  that 
of  its  own  shadow**  {Month.  Not.,  vol. 
xxvii  p.  318). 
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the  recorded  variatioDB  in  this  intensity  are  less  intelligible. 

J.  D.  CasBini,  Maraldi,  Pound',  Mesaier",  Schroter,  and  Sir  W. 

Hersobel  were  amongst  the  earlier  observers  of 

tiiesepecnliaribies,  tmd  W.  C.  Bond,  Lassell,  and 

Dawes  amongst  the  more  modem  ones.     Bond 

saw  HI  as  a  well-defined  blaek  spot  on  Jan.  28, 

1848,  and  again  on  March  1 1.     He  stated  that, 

on  Uarch  18,  it  entered  upon  the  disc  as  a  very 

bright  spot,  more  brilliant  than  the  suirounding 

sur&Ge ;  that  20<°  later  it  had  so  decreased  in 

brightness  as  to  be  hardly  perceptible,  and  that 

in  another  few  minutes  a  dark  spot  suddenly 

appeared  in  its  place,  which  was  seen  for  2^^     This  spot  was 

snfficiently  conspicuous  to  be  measured  with  a  micrometer,  was 


TBE  !«"■  BATILUTI 
MIBCH  16,  1873. 


Kg.  93. 


Fig.  94- 


TBB  III"'  SATBLLITI  or 
JUPtTIB,  JAM.  31,  iSlSo. 


perfectly  black,  nearly  round,  and  on  the  satellite.  The  con- 
verse of  this — the  satellite  dark  first  and  bright  afterwards — 
was  witnessed  by  Prince  and  Brodie  on  Jan.  31,  i860'. 

On  June  26,  1828,  II,  having  entered  on  the  disc  of  Jupiter, 
was  seen  la"  or  13"  afterwards  outtide  the  limb,  whare  it  re- 
muned  visible  for  at  least  4"  and  then  suddenly  vanished. 
Three  observers  of  eminence  (Sir  T.  Maclear,  Adm.  Smyth,  and 
Dr.  Pearson)  record  this,  so  there  can  scarcely  have  been  any 


'  Phil.  Tram.,  vol.  xxi.  p.  900. 
*  PkiL  Traiu.,  col.  li».  p.  459. 


'769- 


>  Monlk.  Not.,  vol.  > 
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individual  optical   illusion,  much  less  deception,     It  has  been" 
suggested   that  an  eclipse  of  the  satellite  by  another  satellite 
would  meet  the  facts  of  the  case,  provided  we  could  establish  a 
doubt  as  to  whether  these  observers  for  a  certainty  saw  the  _ 
satellite  previously  on  the  disc  of  the  planet 


Fig.  9S- 


^,6mslk.) 


Lassell  has  found  the  shadow  of  rV  very  much  larger  thafta 
the  satellite  itself,  even  to  the  amount  of  double  the  dianieter^l 
and  the  same  shadow  larger  than  that  of  III,  though  the  satel* 
lite  itself  b  smaller  than  III.     The  shadow  of  II  has  been  seen,  J 
it  is  said,  to  possess  an  irregular  outline,  but  the  observatio 
not  well  attested. 

On  April  5,  1861,  Mr.  T,  Barneby  saw  the  shadow  of  III  first  J 
in  the  shape  of  a  broad  dark  streak  such  as  the  cone  of  the  I 
shadow  would  represent  in  a  slanting  direetion,  but  it  shortlyj 
afterwards  appeared  as  a  circular  spot  perfectly  dark  and  mu(^] 
larger  than  the  shadow  (which  was  visible  at  the  same  time)  cX\ 
I.  I  cite  this  passage  chiefly  because  of  the  infoi-mation  about  1 
the  form  of  the  projection  of  the  shadow,  which,  though  ■ 
reasonable  and  obvious,  is  noticeable  as  the  only  instance  I  have! 
met  with. 

On  April  1 7, 1 B6 1 ,  the  Rev.  R.  Main  saw  II  occulted  by  I,  and^ 
the  two  appeared  as  one  for  some  7""  or  8". 

On  Jan.  14,  1872,  Mr.  F.  M.  Newton  saw  I  superposed  on  itfrV 
shadow,  so  that  the  satellite  appeared  to  be  surrounded  by  tM 
darki'ing.    This  observation  seems  to  be  unique*.    The  neare 

»  Letter  in  Ei.^,  Me^h.,  vol.  utili.  p.  .n6l.     Autf,  11,  1876. 
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aj^ioacb  to  it  is  an  observation  by  Mr.  G.  D.  Hirst,  on  May  13, 
1876,  of  I  in  transit  partly  occulting  its  own  shadow,  so  that 
the  shadow  appeared  as  a  narrow  black  creteent.  The  satellite 
itself  was  not  seen  except  when  neu-  the  edge  of  the  planet's 
disc'. 

Fig  96  represents  a  singular  observation  made  hy  Trouvelot 
at  Cambridge,  U.S.,  on  April  24,  1887. 

Ffg.  96 


a^,  1877.     {Trouwlol.) 


'•  The  shadow  of  the  first  satellite  which  had  entered  on  Jupiter 
39  minutes  previously  had  not  yet  quite  gone  a  quarter  of  its 
way  across  the  disc.  This  shadow,  black  and  of  a  sensibly 
elliptical  form,  doubtless  on  account  of  the  fact  that  it  was  seen 
projected  not  far  from  the  edge  of  a  spherical  surface,  almost 
touched  at  its  most  northern  point  the  northern  edge  of  the 
pink  equatorial  zone.  It  was  preceded  on  its  western  side  by 
a  rather  dark  spot,  which  was  of  exactly  the  same  shape  and 
size,  and  only  separated  from  the  shadow  by  a  space  equal  at 

I  I^ter  iD  Eng.  Mrrh.,  vol.  xiv.  p.  535.     Feh.  9,  :87i. 
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the  most  to  one-third  of  the  equatorial  diameter  of  the  shadow. 
This  remarkable  spot  was  not  exactly  on  the  same  horizontal 
line  as  the  shadow  of  satellite  I,  but  lay  about  one  third  of 
the  vertical  diameter  of  the  shadow  towards  the  South." 

Trouvelot  goes  on  to  say  that  he  watched  the  phenomenon  for 
altogether  i^  20™,  or  until  the  primary  shadow  had  accomplished 
about  f  of  its  journey  across  the  planet,  when  it  ceased.  He 
assured  himself  that  it  was  neither  a  planetary  spot,  properly  so 
called,  nor  a  satellite  that  he  had  seen,  and  he  regarded  it  as 
simply  a  secondary  shadow — a  shadow  of  the  main  shadow  seen 
projected  on  a  lower  stratum  of  Jupiter's  atmosphere  (or  even  it 
might  be  on  the  solid  body  of  the  planet),  which  would  account 
also  for  the  secondary  shadow  being  much  less  intense  than  the 
primary  or  ordinary  one". 

As  to  certain  irregularities  of  figures  presented  by  IV  when 
seen  as  a  dark  spot  on  the  disc  of  Jupiter,  reference  may  be  made 
to  a  paper  by  Burton". 

The  phenomena  exhibited  by  the  satellites  in  transit  have 
been  carefully  studied  by  Spitta,  and  his  conclusions  in  a, 
summary  form  will  be  useful  for  reference : — IV  is  fainter  than  the 
others  on  approaching  the  limb  of  the  planet ;  bright  for  first  10 
or  1 5  minutes  of  transit ;  lost  for  about  the  same  time ;  reappears 
as  a  dark  spot,  becoming  jet  black :  II  always  bright  during 
transit;  brilliancy  least  affected  on  approaching  limb:  III 
sometimes  becomes  lost,  reappearing  as  a  dark  spot ;  at  others, 
remains  white  throughout :  I  after  becoming  lost,  usually  turns 
one  of  the  shades  of  grey  to  nearly  black  ^. 

Jupiter  s  satellites  move  in  orbits  nearly  circular,  and  between 
the  motions  of  the  first  three  a  singular  relation  exists: — The 
mean  ndereal  motion  of  I  added  to  twice  that  of  III,  /*  constantly 
equal  to  three  times  that  of  Tl;  so  that  the  sidereal  longitude  of  I, 
plus  twice  that  of  III,  minus  three  times  that  of  II,  yields  a  re- 
mainder always  constant^  and  in  fact  equal  t-o  180**.     This  relation 

»■  VAstronomie,  vol.  vi.  p.  414.     Nov.  1887. 
"  Month.  Not  f  vol  xxxiii.  p.  472.    June  1873. 
•»  Month.  Not.,  vol.  xlviii.  p.  34.    Nov.  1887. 
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will  bo   better   understood   hv  an    inspection   of  the  following 
table:— 

SiderMl  motion 

Satellite  I.        8-478706   x    i    =     8-478706.        (a) 
„      II.         4-223947   X    .1   =    12-671841.         {'>) 
..   III.         2-096.'i67   X    -2   =     4-i93'34-         H 

Fi«-  97- 

1 

i 

f  The  «le11ite  orbiu  in  tliie  md  tht      the  PSlellite*  of  Mars  it  given  in  thii 
ollowing  elu»tit*rB  «ri;  al!  drawn  to  the       yolume,  because  on   the  »cale  hera  em- 
ame    Kale.       No   diagram    on    a   pUne       plujed,  tho«e  orbit*  would  be  uf  miero- 

J 
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Adding  together  a  and  c^  we  get  12-671840,  which  quantity  is  to 
5  places  of  decimals  the  same  as  b.  From  this  it  follows  that  for 
an  enormous  period  of  time  the  3  interior  satellites  cannot 
all  be  eclipsed  at  the  same  time;  for  in  the  simultaneous 
eclipses  of  II  and  III,  I  will  always  be  in  conjunction  with 
Jupiter,  and  so  on^.  Making  use  of  his  own  tables,  Wargentin 
has  calculated  that  simultaneous  eclipses  of  the  3  satellites 
cannot  take  place  before  the  lapse  of  1,317,900  years ^  and  an 
alteration  of  only  0'33''  in  the  annual  motion  of  II  would 
suffice  to  render  the  phenomenon  for  ever  impossible. 

D* Arrest  pointed  out  the  commensurability,  within  a  few  hours, 
of  5187  revolutions  of  I,  2583  of  II,  1281  of  III,  and  548  of 
IV,  in  25^  55^  when  the  same  geometric  configuration  will 
recur. 

The  exact  figures  are  given  by  him"  as  follow  : — 

Revolutionti.  Da^i 

Satellite  I.       5187  =  9180*27. 
„      II.       2583  =   918023. 
.,    III.       1 281   =  9180' 14. 
„     IV.         54«   =  9180-95. 
Between  satellites  III  and  IV  the  following  comparatively 
coarse  approximation  subsists.  Seven  times  the  period  of  the  former 
(50^  !*»  57"  53'520*)  exceeds  by  only  21"  i97"  three  times  the 
period  of  the  latter  (50^  i'*  36"  33*81 3*).    Moreover  the  periods  of 
I,  II,  and  III  stand  in  the  ratio  of  i,  2  and  4,  as  near  as  may  be. 
The  following  special  elements  are  given  by  Hind*.     "The 
line  of  apsides  of  the  III'^  satellite  revolves  in  about  137^,  and 
that  of  the  IV*^  in  about  516^.     The  lines  of  nodes  of  the  3 
exterior  satellites  revolve  in  a  retrogade  direction,  as  is  the  case 
with  the  nodes  of  the  lunar  orbit ;  the  period  for  the  11"^  is  30^, 
for  the  Iir^  140^,  and  for  the  IV*^  520^." 

It  occasionally,  but  very  rarely,  happens  that  all  4  satellites 
are  for  a  short  time  invisible,  being  either  directly  in  front  of,  or 

4  Laplace  demonstrated  by  the  theory  '  Acta  Soc.  Uptal.i  p.  41.     1743. 

of  Gravitation  that  if  this  relation  be  ■  Ast.    Nach.^  vol.   Iviii.  No.    1377. 

once  approximately  beg^i  it  will  always  Aug.  25,  1862. 

last.  ^  Sol.  Syat.t  p.  98. 
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behind,  the  planet.  Such  was  the  case,  according  to  Molyneux", 
on  Nov.  a,  i68i  (o.  s.)  The  same  thing  was  noticed  by  Sir  W. 
Hersohel  on  May  23,  1802;  by  Wallis  on  April  15,  1826;  by 
Dawes  and  W.  Griesbach  on  Sept.  27,  1843.  Dawes  published 
in  1862  an  account  of  his  observations'^.  Jupiter's  (apparent) 
deprivation  of  its  satellites  lasted  about  35".  A  repetition  of 
this  phenomenon  occurred  on  Aug.  21,  1867,  when  the  planet 
was  for  if^  apparently  without  satellites  projected  on  the  sky. 

The  satellites  appear  to  vary  in  brilliancy  in  a  way  wholly 
inexplicable.  I  have  already  stated  that  III  is  commonly  the 
brigki€9l\  but  Maraldi  and  Bond  have  seen  the  contrary.  On 
the  whole,  perhaps,  we  are  justified  in  saying  that  the  faintest  is 
rV;  but  the  lustre  of  this  is  irregular:  in  171 1  Bianchini  and 
another,  and  on  June  13,  1849,  Lassell,  saw  it  so  feeble  as  to  be 
almost  invisible,  whilst  Webb  repeatedly  saw  it  surpass  III. 
This  observer  wrote—"  Spots  .  .  .  may  easily  cause  this  variable 
light;  but  a  stranger  anomaly  has  been  perceived, — the  discs 
themselves  do  not  always  appear  of  the  same  size  or  form. 
W.  Herschel  noticed  the  former  fact,  and  inferred  the  latter ;  and 
both  have  been  since  confimied  by  others.  Beer  and  Madler, 
LasseU,  Secchi  and  Buffham  have  sometimes  seen  the  disc  of 
U  larger  than  I;  and  Lassell,  and  Seccbi  and  his  assistant, 
and  Burton  have  distinctly  seen  that  of  III  irregular  and 
elliptical;  and  according  to  the  Roman  observers  the  ellipse 
does  not  always  lie  the  same  way :  Mitchell  also,  with  an  i  i-inch 
achromatic,  has  observed  this  disc  irregular  and  hazy.  Buffham 
has  often  found  IV  the  smallest  of  all,  and  irregular-looking. 
Phenomena  so  minute  hai*dly  find  a  suitable  place  in  these  pages, 
but  they  seem  too  singular  to  be  omitted ;  and  in  some  cases, 
possibly  small  instruments  [?]  may  indicate  them ;  at  least, 
with  an  inferior  fluid  achromatic  reduced  to  3  inches  aperture  I 
have  sometimes  noticed  differences  in  the  size  of  the  discs  which 
I  thought  were  not  imaginary*.'* 

Sir  W.  Herschel,  by  attentive  and  prolonged  observation,  was 

■  OpiiekSf  p.  371-  "*  Month.  Not.,  toI.  xxii.  p.  393.   June  186a. 

»  Celett.  Objectt,  4***  ed.,  p.  163. 
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led  to  infer  that  each  of  the  satellites  rotated  on  its  axis  in  the 
same  time  that  it  made  a  sidereal  revolution  round  its  primary 
thus  presenting  an  analogy  to  the  case  of  our  Moon.  The  imme- 
diate reason  which  led  to  this  conclusion  was  a  belief  that  the 
variation  in  their  brilliancy  always  recurred  in  nearly  the  same 
positions  of  the  satellites  with  respect  to  Jupiter  and  the  Sun, 
which  supposition  had  previously  presented  itself  to  the  mind  of 
Cassini^  But  modern  observations  do  not  harmonise  with  these 
statements;  that  is  to  say,  we  are  not  entitled  to  affirm  now 
that  peculiarities  in  the  appearances  of  the  satellites  correspond 
with  definite  orbital  positions.  On  the  contrary,  the  peculiar- 
ities observed  are  not  governed  by  any  known  law  of  time  or 
place. 

Arago  thus  summed  up  Sir  W.  Herschel's  photometric  deduc- 
tions. ''  The  I'^  satellite  is  at  its  maximum  brightness  when  it 
attains  the  point  of  its  orbit  which  is  almost  midway  between 
the  greatest  Eastern  Elongation  and  its  Conjunction.  The  bright- 
est side  of  the  II*^  satellite  is  also  turned  towards  the  Earth 
when  that  body  is  between  the  greatest  Eastern  Elongation  and 
Conjunction.  The  brightness  of  the  III'^  satellite  attains  2 
maxima  in  the  course  of  a  revolution,  namely  at  the  2  Elonga- 
tions. The  IV*^  shines  with  a  bright  light  only  a  little  before 
and  a  little  after  Opposition'.*' 

Various  observers  have  assigned  colours,  or  rather  tinges  of 
colour,  to  the  difierent  satellites,  but  the  results  are  not  suffi- 
ciently of  accord  to  be  worth  citing. 

Eclipses  as  viewed  on  Jupiter  take  place  on  a  grand  scale ;  for 
in  consequence  of  the  small  inclinations  of  the  orbits  of  the 
satellites  to  the  planet's  equator  and  the  small  inclination  of  the 
latter  to  the  ecliptic,  all  the  satellites,  the  IV*''  excepted,  are 
eclipsed  some  time  in  every  revolution ;  so  that  a  spectator  on 
Jupiter  might  witness  during  the  Jovian  year  4500  eclipses  of 
the  Moon  (Moons)  and  about  the  same  number  of  the  Sun. 

Soon  after  their  discovery  it  suggested  itself  to  the  reflecting 

y  Mim,  Actid.  des  Sciences^  vol.  i.  p.  266. 
"  Pop.  AH.y  vol.  ii.  p.  549.  Eng.  ed. 
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mind  of  Galileo  that  eclipses  of  the  satellites  of  Jupiter  might  be 
made  useful  for  determining  the  longitude.  Regarding  eclipses 
as  instantaneous  phenomena  visible  at  the  same  moment  in  every 
place  which  has  the  planet  above  its  horizon,  it  is  clear  that  a 
comparison  of  observations  recorded  in  2  local  times  would  afford 
data  for  determining  the  difference  of  time  (longitude)  between 
the  places  to  which  the  times  belong.  Eclipses  accuititely  pre- 
dicf-ed  for  one  meridian  when  observed  under  another  one  would 
afford  a  still  more  advanced  means  of  ascertaining  the  difference  of 
longitude  between  them.  These  eclipses  could  be  predicted  if 
sufficiently  accurate  tables  of  the  satellites  were  in  existence ; 
but  at  sea,  where  the  problem  has  chiefly  to  be  solved,  they 
cannot  be  observed  with  the  most  refined  accuracy,  and  on  land 
some  diflSculties  present  themselves  ;  so  that  the  method  to  some 
extent  breaks  dovm,  and  is  only  available  where  very  rough 
approximations  will  suffice. 

It  was  to  observations  of  one  of  the  satellites  of  Jupiter,  and 
Romer*s  discussion  of  them  in  1675,  that  we  owe  the  discovery  that 
light  is  not  propagated  instantaneously  through  space*.  It  was 
found  that  the  calculated  times  of  the  eclipses  did  not  correspond 
with  the  observed  times,  and  that  the  difference  was  a  quantity 
constantly  affected  by  opposite  signs  of  error  according  as  Jupiter 
was  in  perigee  or  apogee.  In  the  former  case  the  eclipse  always 
occurred  before  the  calculated  time ;  in  the  latter,  always  after 
it.  The  regularity  with  which  these  anomalies  showed  them- 
selves led  Romer  to  suspect  that  they  had  their  origin  in  the 
variations  which  occuiTcd  in  the  distance  of  Jupiter  from  the 
Earth :  that  as  this  distance  increased  or  diminished  so  a  longer 
or  a  shoi-ter  period  was  requisite  for  light  to  traverse  the  space 
between  the  2  planets.  Assuming  from  the  data  in  his  posses- 
sion that  light  travelled  at  the  rate  of  192,000  miles  per  second, 
and  required  i6i"  to  traverse  the  diameter  of  the  Elarth's  orbit, 
and  applying  this  (as  yet  hypothetical)  conclusion  to  the  eclipses 
in  the  form  of  a  trial-correction,  Romer  promptly  obtained  proofs 
of  the  accuracy  of  his  reasoning ;  but  it  was  Bradley's  discovery 

•  Opere  di  Galileo^  vol.  ii.  p.  33.   Padua  ed.,  1 744.  . 
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of  aberration  some  half  a  century  later  which  completely 
demonstrated  the  soundness  of  Homer's  views  and  caused  their 
general  acceptance.  The  modem  experiments  of  Fizeau  have 
given  for  the  velocity  of  light  a  result  but  slightly  diflTering  in 
amount  ifrom  Romer's,  namely,  194,000  miles  per  second**. 

Like  most  new  discoveries  Romers  did  not,  when  promulgated, 
find  favour  in  the  scientific  world,  and  many  years  elapsed  ere  it 
was  generally  accepted. 

The  mass  of  Jupiter  has  never  been  a  very  doubtful  quantity, 
all  the  values  of  it  being  much  more  in  accord  with  one  another 
than  is  usually  the  case.  Laplace,  from  Pound's  observations  of 
the  IV***  satellite,  placed  it  at  jxnrr  ;  Bouvard,  from  the  pertur- 
bations of  Saturn,  at  xTrVrr )  Nicolai,  from  the  perturbations  of 
Juno,  at  ttftVitt'j  Encke,  from  the  perturbations  of  Vesta,  at 
TITS  XT  5  ^^'^  iTOVCL  pcrturbatious  of  the  Comet  bearing  his  name, 
at  xiTFT  ;  Santini  at  y^^^^ ;  Bessel  at  n^iT-g^T  ;  -Airy,  from  motions 
of  the  satellites,  at  ttttVtt  ;  Kriiger,  from  observations  of  Themis, 
*^  TJSii'TT  5  Jacob,  from  the  motions  of  the  satellites,  at  tvtVtt  » 
and  Moller,  from  the  motions  of  Faye's  Comet,  at  tittt  tf  ;  Schur, 
from  heliometer  measures  of  the  satellites,  at  ttttV^^*  Any  one 
of  the  4  last  values  may  be  taken  to  be  substantially  exact. 

"The  most  ancient  observation  of  Jupiter  which  we  are  ac- 
quainted with  is  that  reported  by  Ptolemy  in  Book  X.  chap.  iii. 
of  the  Almagest^  and  considered  by  him  free  from  all  doubt.  It  is 
dated  in  the  83'*  year  after  the  death  of  Alexander  the  Great,  on 
the  1 8***  of  the  Egyptian  month  Epiphi,  in  the  morning,  when  the 
planet  eclipsed  the  star  now  known  as  h  Cancri.  This  observation 
was  made  on  Sept.  3,  B.C.  240,  about  1 8*»  on  the  meridian  of 
Alexandria." 

This  is  a  convenient  place  to  mention  the  "  Great  Liequality  " 
in  the  motion  of  Jupiter  and  Saturn,  so  far  as  the  fact  of  its 

^  In  consequence  of  the  increase  in  before  the  parallax  question  came  up 

the  received  Talue  of  the  Sun's  parallax  for  general  dUcuesion  pointed  to  the 

a  reduction  in  the  velocity  of  light  by  same    conclusion.    The    value    for   the 

geveral  thousands  of  miles  per  second  velocity  of  light  now  generally  accepted 

must  be  assumed,  and  singularly  enough  is  about  186,660  miles  per  second, 
some  experiments    of    Foucault*s    made 
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existence  is  ooncemed,  for  a  particular  account  of  it  would  be 
altogether  foreign  to  the  purposes  of  this  work  ®.  The  period  of 
each  of  these  planets  is  subject  to  a  continuous  change  owing  to 
the  mutual  influence  exerted  by  each  on  the  orbit  of  the  other 
and  the  time  required  for  this  change  to  go  through  its  various 
stages  is  the  Period  of  the  Great  Inequality.  It  amounts  to 
918  years.  ^ 

The  Tables  of  Jupiter  used  tiU  recently  were  those  of  A.  Bou- 
vard,  published  in  1821,  but  the  new  and  far  superior  Tables  of 
Le  Verrier  have  superseded  them  ^.  For  the  satellites,  Damoi- 
seau's  Tables  (published  in  1836)  are  employed.  As  regai*ds  the 
satellites  there  is  room  for  much  improvement  in  the  Tables  at 
present  employed.  They  fail  to  give  results  characterised  by  the 
precision  which  modem  science  demands. 

c  See  Sir  J.  HerecheVs  0uil%ne9f^.  503.      first  time  in  England  in  the  preparation 
^  Tliese  tables  were  employed  for  the       of  the  Nautical  Almanac  for  1878. 
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CHAPTER   XII. 


SATUEJN*.     »? 

Period,  Ac. — Figure  and  Cciottr  of  Saturn, — Belts  and  Spots. — ObservoHims  qf 
the  Belts  by  Holden, — By  Ranyard, — Bright  spot  recorded  by  HalL — ProbaUe 
atmosphere. — Observations  of  OalUeo,  and  the  perplexity  they  caused. — Zcijfo- 
griph  sent  by  him  to  Kepler. — Uuygent^s  discovery  of  the  Ring, — Sis  logth 
griph. — The  bisection  of  the  Ring  discovered  by  the  brothers  BaXL — Sir  WS 
HerscheVs  Doubts. — Historical  epitome  of  the  progress  of  discovery. — The 
"  Dusky"  Ring.— Facts  relating  to  the  Rings. — Appearances  presents  by  ihem 
under  different  circumstances. — Rotation  of  the  Ring. — SecchCs  inquiries  iuio 
this. — The  Ring  not  concentric  wUh  the  Ball. — Measurements  by  W.  Struve.^^ 
Other  measurements. — Miscellaneous  particulars. — Theory  of  the  Ring  being 
fluid. — Now  thought  to  consist  of  an  aggregation  of  Satellites. — I%e  "  Beaded^ 
appearance  of  the  Ring. — O.  Struve*s  surmise  about  its  contraction. — Irregm' 
larities  in  the  appearances  of  the  ansa. — Rings  not  bounded  by  plane  #iir- 
faces. — Mountains  suspected  on  them. — An  atmosphere  suspected. — Physical 
observations  between  1873  and  1876  by  Trouvelot. — Observations  by  MM.  Henry, -^ 
By  Keeltr. — Brightness  of  Rings  and  Ball. — BesseCs  investigations  into  the 
Mass  of  the  Rings. — Saturn  attended  by  8  Satellites, — Table  of  them. — 
Physical  data  relating  to  each. — Elements  by  Jacob. — Coincidences  in  the 
Rotation-periods  of  certain  of  them. — Transits  of  Titan. — Celestial  phenomena 
on  Saturn. — Lockyer's  summary  of  the  appearances  presented  by  the  Rings.'-^ 
Peculiarity  relative  to  the  illumination  of  lapetas. — Mass  of  Saturn. — Ancient 
observations. — Satumian  Astronomy. 


TNFERIOR  in  size  to  Jupiter  only,  Saturn  may  fairly  be  pro- 
-■-  nounced  to  be  the  most  interesting  member  of  the  Solar 
System.     It  revolves  round  the  Sun  in  10759*2^  or  29*45^  at  a 


^  For  drawings,  &c.  of  Saturn,  see 
Annals  of  Harvard  Coll.  Ohs.,  vol.  ii. 
( 1 30  drawings  by  the  Bonds) ;  Ast.  Nach., 
vol.  xxviii.  No.  650,  Nov.  1848  (J.  F.  J. 
Schmidt) ;  Ibid.,  vol.  xxxix.  No.  929, 
Jan.  8,  1855  (Secchi) ;  Mem.  R.A.S.,  vol. 
iv.  p.  383  (Kater);  Ibid.,  vol.  xxi.  p.  151 
(8  figs,  by  Lassell) ;  Month.  Not.,  vol.  xi. 
p.  23  (Dawes  and  Lassell);  Ibid.,  vol. 
xiii.  p.  16  (Dawes) ;  Ibid.,  vol.  xiv.  p.  17 


(Dawes)  ;  Ibid.,xy.  p.  79 (Dawes);  Ibid., 
vol.  xvi.  p.  1 20  (one  fig.  by  Jacob);  Ibid.^ 
vol.  xviii.p.  75  (abstract  oi  Harvard  Obs.) ; 
and  vol.  xxii.  p.  89  (two  figs,  by  Jacob) ; 
Student,  vol.  ii.  p.  240  (Browning). 
Month.  Not.,  vol.  xliv.  p.  407  (Pratt) ; 
Ibid.,  vol.  xlv.  p.  401  (Green);  Ast.  Nach., 
vol.  cxii.  No.  2682  (Lamp);  Month. 
Not.,  vol.  xlvii.  p.  514  (Elger);  L*Astro' 
nomie,  vol.  vi.  p.  208  (Stuyvaert). 
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mean  distance  of  886,065,000  miles,  which  an  orbital  eccentricity 
of  0*056  may  increase  to  931,033,000  or  diminish  to  841,097,000 
miles.  Its  apparent  diameter  varies  between  i5'i''  in  conjunc- 
tion, and  20*7^'  in  opposition,  and  its  real  (equatorial)  diameter 
may  be  taken  at  75,036  miles.  Its  polar  compression  is  larger 
than  that  of  any  other  planet,  Jupiter  not  excepted:  but  it  is 
usually  less  noticeable  than  that  of  Jupiter  because  the  ring 
distracts  the  eye.  Sir  W.  HerscheFs  value  of  the  compression 
is Tir»T;  Bessel's  ttt^tv  5  ^^^  ^y.  R.  Main's  ^\^^\  and  Hind's  ^^y- 

Saturn  has  no  perceptible  phases.  The  maximum  defalcation  of 
light  under  extreme  circumstances  is  so  small  that  the  maximum 
breadth  of  the  shaded  area  can  hardly  be  ^V  ^^  ^  second  of  arc 
— a  quantity  inappreciable. 

The  figure  of  Saturn  is  now  quite  understood  to  be  that  of  an 
oblate  spheroid,  but  at  one  time  considerable  doubt  existed  about 
the  matter  in  consequence  of  Sir  W.  Herschel  having  advanced 
the  opinion,  from  observations  made  in  April  1805.  that  the 
planet  was  compressed  at  the  equator  as  well  as  at  the  poles ; 
or,  as  it  is  generally  phrased,  that  it  resembles  a  parallelogram 
with  the  comers  rounded  off.  so  as  to  leave  both  the  equatorial 
and  the  polar  regions  flatter  than  they  would  be  in  a  regular 
spheroidal  figure.  This  opinion,  never  received  with  much 
favour  (though  not  entirely  unconfirmed  by  later  observers),  is 
now  almost  universally  repudiated,  chiefly  owing  to  the  micro- 
metrical  measurements  performed  by  Bessel  in  1 833  and  by  Main 
in  1848.  Some  optical  illusion  was  probably  at  the  foundation 
of  it,  though  it  is  right  to  say  that  the  notion  is  believed  in  to 
ibis  day  by  some  persons,  and  ascribed  to  an  actual  upheaval  of 
the  planet's  surface  recurring  from  time  to  time  and  due  to 
quasi-volcanic  causes.  It  must  also  be  added,  that  (as  in  the 
case  of  Jupiter)  we  only  see  the  outline  of  Saturn's  atmosphere  and 
not  that  of  the  solid  (or  fluid)  body  of  the  planet  itself. 

Belts  exist  on  Saturn  resembling  those  of  Jupiter,  but  they 

^  See  Month.  Not.,  vol.  xiii.  p.  79,  Jan.       memoir  by  the  same  obsenrer  appears  in 
1853*  for  otherK,and  same  vol..  p.  152,  for       Mem.  R.A.S.,  vol.  zviii.  p.  27,  1850. 
a  note  by  the  Rev.  H.  Main:  an  important 
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are  verj'  much  fainter.     They  are  probably  of  the  same  pi 
rharacter. 

In  November  and  December  1^83  several  observers  noticed  a 
singular  configuration  of  dark  and  bright  belts  on  Saturn,  the 
character  of  which  will  be  best  understood  by  a  careful  perusal  of 
the  following  description  by  Professor  E.  S,  Holden.  Under  date 
Dec.  3  he  writes ; — "  The  S,  pole  is  mottled,  especially  so  near  of  the 
shadows.  The  bright  equatorial  belt  is  bounded  on  the  S.  by  a 
narrow  dark  streak  some  2"  wide;  it  is  the  darkest  thing  on  the  bal 
Fig.  99. 


»,iruBN,  Dec.  3.  1«S3.   {lluldrn.) 

S.  of  this  is  an  equally  narrow  bright  streak,  thou  S,  of  this  is  the 
nearly  uniform  S.  hemisphere.  N.  of  the  equatorial  bright  belt 
i«  a  narrow  dusky  belt  (i"'5]),  then  a  narrow  bright  belt  (i"'5^). 
and  then  a  dark  band,  which  is  the  dusky  ring  itself  (ring  C). 
The  principal  division  is  seen  all  around ;  the  division  in  ring  A 
is  seen  at  both  ends.  The  shadow  of  the  ball  on  the  ring  is  aa 
drawn.  It  is  wider  and  of  a  different  shape  on  the  preceding  side, 
as  drawn.  I  did  not  specially  look  for  {nor  see)  the  shadow  of 
the  ball  on  the  ring  O  "  [this  being  a  teat  of  good  images]. 

Fig.  114  {p.  114)  gives  a  view  of  an  isolated  narrow  bel^ 
Btrct«hing  light  across  the  ball,  seen  by  Ranyard  on  Nov.  1 
iiS^^,  and  subsequently. 
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It  was  Lassell's  opinion  that,  taking  the  planet  as  a  whole,  it 
may  be  said  that  the  South  pole  is  generally  darker  than  the 
North  pole  and  more  blue  in  tinge.  The  dark  belts  on  the  planet 
are  often  thought  to  exhibit  a  gi*eenish  hue.  The  planet's  or- 
dinary colour  is  yellowish  white,  the  belts  inclining  to  grayish 
white.  Browning  finds  that  large  apertures  bring  out  the 
existence  of  considerable  diversities  of  colour  on  Saturn.  Any 
first-class  telescope  of  4  inches  aperture  will  exhibit  the  marked 
distinction  between  the  yellow  tint  of  Satum*s  globe  and  the 
silvery  or  bluish  white  hue  of  ring  B. 

The  belts  of  Saturn  difier  from  those  of  Jupiter  in  the  respect 
that  they  exhibit  at  times  a  sensible  curvature,  whilst  those  of 
Jupiter  are  rectilinear.  Hence  we  draw  the  conclusion  that  if 
ihe  belts  of  Saturn  are  parallel  to  the  planet's  equator  (as 
probably  is  the  case),  then  the  plane  of  this  equator  must  make  a 
nther  considerable  angle  with  the  ecliptic.  A  quintuple  belt 
ftoniahed  Sir  W.  Herschel  with  the  means  of  determining  the 
period  of  the  planet's  axial  rotation,  which  he  fixed  at 
lofc  i6»  0-44*,  from  observations  extending  over  100  rotations 

between  Dec.  4,  1793  ^^^  ^^^-  ^^)  ^794^*  ^^  ^^  ^^^  ^  have 
subsequently  made  the  period  to  be  10^  29™  i6*8*.  Schroter's 
results  exceed  this,  but  contradict  one  another  considerably. 
His  highest  result  was  as  much  as  12'*. 

Spots  on  Saturn  are  very  rare.  The  instances  on  record 
hardly  number  a  dozen.  On  Dec.  7, 1876  A.  HaJl  at  Washington 
observed  a  bright  spot  2''  or  3''  in  diameter,  round,  and  well  de- 
fined, and  brilliantly  white.  It  lasted  nearly  a  month,  and  was 
seen  by  several  observers'*.  It  yielded  for  the  period  of  Saturn's 
rotation  10^  14°*  23-8". 

Sir  W.  Herschel  considered  that  he  had  obtained  decided 
indications  of  the  existence  of  an  atmosphere  on  Saturn:  the 
satellites  when  undergoing  occultation  never  disappeared  instan- 
taneously, but  seemed  to  hang  on  the  planet's  limb,  in  one  case 
for  as  long  as  20"*.    Such  a  retardation  would  imply  a  horizontal 

c  Phil.  Trans.f  vol.  Ixxxiv.  p.  63.  1794. 

•'  Ast.  Nach  f  vol.  xc.  No.  2146,  Aug.  16,  1877. 
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refraction  of  2'\  but  no  confirmation  of  this  has  been  obtained  by 
any  subsequent  observer.  The  same  observer  found  other  proofs 
of  an  atmosphere :  an  examination  of  the  polar  regions  on  various 
occasions  shewed  that  according  as  they  were  turned  towards  or 
from  the  Sun  a  difference  of  hue  was  perceptible,  which  might 
reasonably  be  supposed  to  be  due  to  snow  in  those  regions 
melting  under  the  Sun  s  rays,  and  accumulating  in  the  absence 
of  those  rays,  as  has  been  explained  when  speaking  of  Mars. 

When  Saturn  was  first  telescopically  examined  by  Galileo,  he 
noticed  that  it  presented  a  very  oval  outline,  which  in  his 
opinion  gave  the  notion  of  a  large  planet  having  on  each  side  of 
it  one  smaller  one.  He  added,  that  with  telescopes  of  superior 
power,  the  planet  did  not  appear  triple,  but  exhibited  an  oblong 
form,  somewhat  like  the  shape  of  an  olive  ^. 

Continuing  his  observations,  the  illustrious  astronomer  was  not 
long  in  noticing  that  the  two  (supposed)  bodies  gradually  de- 
creased in  size,  though  still  in  the  same  position  as  regards  their 
primary',  until  they  finally  disappeared  altogether^.  Galileo's 
amazement  at  this  was  unbounded,  and  his  third  letter  to  Welser, 
dated  Dec.  4,  1612,  in  which  he  expresses  his  feelings  on  the 
subject^  is  still  extant.     He  remarks : — 

"  What  is  to  be  said  concerning  so  strange  a  metamorphosis  ? 
Are  the  two  lesser  stars  consumed  after  the  manner  of  the  solar 
spots  ?  Have  they  vanished  or  suddenly  fled  ?  Has  Saturn,  per- 
haps, devoured  his  own  children?  Or  were  the  appearances 
indeed  illusion  or  fraud,  with  which  the  glasses  have  so  long 
deceived  me,  as  well  as  many  others  to  whom  I  have  shewn 
them  f  Now,  perhaps,  is  the  time  come  to  revive  the  well-nigh 
withered  hopes  of  those  who,  guided  by  more  profound  contem- 
plations, have  discovered  the  fallacy  of  the  new  observations, 
and  demonstrated  the  utter  impossibility  of  their  existence.  I 
do  not  know  what  to  say  in  a  case  so  surprising,  so  unlooked  for, 
and  so  novel.     The  shortness  of  the  time,  the  unexpected  nature 

*  Operedi  (ra2»Z«o,  vol.  ii.  p.  41.  Padua  161  a,  when  of  course  Saturn  would  in 

ed.,  1744.  such  a  telescope  as  Galileo's  appear  to 

'  Ibid.  be   destitute  of  all    appendages  what- 

'  A  nodal  passage  took  place  in  Dec.  ever. 


Chap.  XII.] 


Saturn, 


207 


of  the  event,  the  weakness  of  my  understanding,  and  the  fear  of 
being  mistaken,  have  greatly  confounded  me^."  Galileo  was  so 
disgusted  that  he  entirely  abandoned  observations  of  Saturn. 

The  original  discovery  was  announced  to  Kepler  in  the 
foUowing  logogriph*:— 

HinaiHinrmilmepoetalevinibvnenvgttaYiras ; 

which,  being  transposed,  becomes — 

altissimrm  planetam  tergeminvm  obeenrftvi; 
"I  have  observed  the  most  distant  planet  to  be  tri-form.*' 

As  time  wore  on,  more  correct  ideas  were  obtained  of  the  phe- 
nomenon, which  gradually  came  to  be  looked  upon  as  due  to  the 
existence  of  two  anssB,  or  handles,  to  the  planet,  though  the  cause 
of  their  disappearance  from  time  to  time  was  yet  unexplained. 
Astronomers  are  indebted  to  Mr.  C.  L.  Prince  for  having  called 
attention  to  an  important  stage  in  the  development  of  true  idead 
as  to  the  causes  of  the  changes  seemingly  undergone  by  Saturn. 
In  1876  he  unearthed  and  had  engraved  some  curious  old 
drawings  made  by  Gassendi  between  1633  and  1656,  and  pub- 
lished in  Gassendi's  Works  ^.  But  it  was  not  till  after  the  lapse 
of  nearly  50  years  fron^  the  time  of  Galileo's  discovery  that 
the  true  cause  of  the  appearance  seen  by  him  and  others  became 
known.  C.  Huygens  was  the  discoverer,  and  he  intimated  his 
discovery  in  the  following  logogriph* : — 


aaaaaaa 


occco 
IIU 


eeeee 


K 


d 

mm  nnnnnnnnn 

0000  pp  q  rr  s  ttttt  uuauu ; 

which  letters,  when  placed  in  their  proper  order,  give — 

annulo  oingitur,  tenui,  piano,  nusquam  cohaerente,  ad  eclipticam  inolinato; 

"  The  planet  is  surrounded  by  a  slender  flat  ring  inclined  to  the  ecliptic,  but  which 

nowhere  touches  the  body  of  the  planet' 


>f 


^  Opere  di  Oalileo,  vol.  ii.  p.  153. 
Padua  ed.,  1 744. 

*  Optrtdi  OaliUo,  vol.ii.  p.  40.  Padua 
ed.,  1744. 

^  Vol.  iii.  Lyons,  1658.  See  Month. 
Not,  B.A.S.,  vol.xzxri.p.  108,  Jan.  1876. 

'  Dc  Saiumi  Luna  Ohservatio  Nova. 
Hagas,  1656.  Followed  in  1659  by  de- 
tailed particulars  in  the  Sytiema  Satur- 

9 


»  T.  Maurice  {Indian  Antiquitie9,  vol. 
vii.  p.  605  ;  see  also  vol.  ii.  p.  30a)  gifat 
an  engraving  of  Sani,  the  Saturn  of  the 
Hindus,  from  an  image  in  an  ancient 
pagoda.  A  circle  is  formed  around  him 
by  the  intertwining  of  two  serpents; 
whence  the  writer  infers  that,  by  some 
means  or  other,  the  eliftenoe  of  SaturD*i 
ring  may  have  been  known  in  rtmote 
ages.    The  same  thing  is  observable  in 
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It  must  not  be  suppoaed  that  this  discovery  was  the  result  of 
a  chance  inspiration.  On  the  contrary,  Huygens  seems  to  have 
spent  several  years  in  scrutinising  Saturn  before  he  finally 
decided  that  the  theory  of  a  ring  round  the  planet  was  the  only 
one  which  would  reconcile  the  various  observed  fact«. 

With  the  view  of  commending  hia  hypothesis  to  the  attention 
of  astronomers,  Huygens  ventured  to  predict  that  in  the  month 
of  July  or  August  1671  the  planet  would  ^ain  appear  round; 
and  in  this  he  was  nearly  correct,  for  Cassini,  watching  the 
disappearance  of  the  ring,  found  the  planet  presenting  this  aspect 
in  May  1671,  or  within  2  months  of  the  time  foretold  by 
Huygens. 

Tig.  10a  Fig.  loi.  Tig.  101. 


As  advances  have  been  made  in  the  manufacture  of  telescopes, 
so  our  knowledge  of  the  Satumian  system  has  been  increased. 
In  1675,  within  a  very  few  years  of  Huygens 's  discovery,  Cassini 
discovered  that  what  Huygens  saw  as  one  ring  was  in  reality 
a  combination  of  two,  lying  concentrically,  one  within  the  other". 
Sir  W.  Herscbel  was  for  s  long  time  very  unwilling  to  allow 
that  this  division  was  actually  such  in  fact ;  and  he  did  not 
become  convinced  until  he  had  executed  a  very  protracted  series 
of  observations  extending  over  several  years.  He  coupled  his 
acceptance  of  the  division  with  a  strong  assertion  that  it  was  the 
only  one  that  existed. 


Awyrikn  aculpture* ;  bnt  it  muBl  in  c*n- 
doar  be  kdded  that  thi*  ring-aurroaiidad 
Deity  patteteed  ■  ngnificatian  {impoMible 
to  be  alluded  to  here)  in  the  ancient 
Phallic  wonhip. 

■>  For  aome  particuluD  of  a  controven; 
which  raged  in  l8Si  reepecting  the  ahare 
of  oredit  for  tbi>  dinooTery  Buppoaed  to  be 


due  to  otbers  beside*  Caaaini  Bee  Obttrca- 
lory,vo\.  v., 1881, paiiim.  It  arose  out  of 
miaconceptionB  aa  to  the  meaning  of  a 
pUBage  wiiich  appears  in  Phil.  Tram., 
vol.  i.  p.  153,  CaHnini'B  Bketch  will  be 
found  in  Ijowthorp'i  abridifeinent  of  I'hit. 
Tra*4.,  vol.  i.  p.  iSS. 


848.    iW.C.Boitd.) 


f 


1856:  Jbd.  8.     (Jneo/i.) 
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But  we  have  now  certain  knowledge  of  the  existence  of  more 
than  2  rings,  and  the  system  must  be  described  as  a  multiple  one. 

It  is  stated  by  Lalande^  that  Short,  the  celebrated  optician, 
perceived  several  concentric  streaks  on  the  outer  ring.  It  is  not 
known  that  Short  left  any  record  of  his  own  relating  to  this. 

Between  June  19  and  26,  1780,  Sir  W.  Herschel^  perceived  a 
slight  dark  streak  close  to  the  interior  edge  of  the  western  ansa. 
It  had  disappeared  on  June  29,  and  no  corresponding  appearance 
at  all  was  seen  on  the  other  ansa. 

In  Dec  1823  ^*  Quetelet,  at  Paris,  with  a  Cauchoix  achro- 
matic of  10  inches  aperture,  thought  he  saw  a  division  in  the 
exterior  ring  \ 

On  Dec.  17,  1825,  Capt.  Eater,  with  a  6-inch  Newtonian  re- 
flector, perceived  in  the  exterior  ring  numerous  black  streaks 
very  close  to  each  other '^.  On  Jan.  16,  1826,  with  another 
teleecope,  the  same  observer  saw  similar  markings,  but  as  on 
Jan.  22,  1828,  none  whatever  could  be  perceived,  he  concluded 
that  they  had  no  permanent  existence. 

On  April  25,  1837,  Encke',  at  Berlin,  assured  himself  of  the 
existence  of  a  division  in  the  exterior  ring ;  on  May  28  following 
he  was  able  to  procure  measurements  which  shewed  that  the  old 
ring  was  unequally  divided,  the  wider  portion  lying  outermost. 

On  May  29,  1838,  Di  Vico,  at  Rome,  perceived  not  only  this 
division,  but  two  similar  divisions  in  the  interior  ring. 

On  Sept  7,  1843,  Lassell  and  Dawes  ^  saw  a  decided  division 
in  the  exterior  ring  at  both  ends,  but  placed  it  near  the  outermost 
edge,  thereby  failing  to  agree  with  Encke's  measurements  of  1837. 

This  subdivision  of  the  exterior  ring  is  now  generally  ac- 
cepted ",  and  De  La  Rue's  beautifully  executed  engraving  (Fig.  98, 
Plate  XU)  conveys  a  good  idea  of  it. 

•  Atinmomie,  toI.  iii.  Parmgraph  3228.  *  Month.  Not,,  vol.  vi.  p.  i  a. 

and  ed.,  Parii,  1771.  "  Jacob  on  the  contrary  czpretsed  in 

9  Phil,  Trans.f  vol.  Izzxii.  p.  8.    179a.  unequivocal  iermi  his  conviction  that  the 

«  Mem,  R.  A.S.,  vol.  iv.  p.  588.  1831.  black  mark  or  so-called  di  virion  in  the 

'  Mem.  R.  A.  S.,  vol.  iv.  p.  384.  1831.  exterior  ring  was  merely  a  depreeeion, 

"  Mathemaiieche    Abhandlungen    der  He  was  confident  that  it  reflected  the 

KUnigl.   Akad.    Wiseetuehaften   Berlin,  planet's  shadow,   shewing  an  i^parent 

1838,  p.  5.  projection,  such  as  every  shadow  falling 
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The  discovery  of  another  curious  and  interesting  feature  has 
now  to  be  dealt  with.  In  1838  Galle,  in  examining  Saturn, 
noticed  a  gradual  shading  off  of  the  interior  bright  ring  towards 
the  ball.  He  published  a  note  of  this  observation,  but  little  or 
no  attention  seems  to  have  been  paid  to  it '.  On  Nov.  11,  1850, 
G.  P.  Bond  perceived  a  luminous  appearance  between  the  ring 
and  the  planet:  subsequent  observations  by  himself  and  his 
father  shewed  that  this  luminous  appearance  was  neither  more 
nor  less  than  another  ring.  Neither  of  these  observers  could 
satisfactorily  determine  whether  this  dusky  ring  (as  it  soon  came 
to  be  called)  was  actually  in  contact  with  the  interior  bright 
ring,  but  they  thought  it  was  not^.  Before  the  aiiival  of  the 
American  mail  conveying  intelligence  of  this  new  ring,  Dawes  had 
found  it.  On  Nov.  29  he  entered  in  his  Journal  the  following 
remark :  '^  After  a  few  seconds  of  uncommonly  sharp  vision,  I 
involuntarily  exclaimed,  'Obvious.'  There  is  a  shading^  like 
twilight,  at  the  inner  portions  of  the  inner  ring*/'  This  acute 
observer  was  not  long  in  ascertaining  the  annular  character  of 
the  "shading,"  and  moreover  he  found  (as  did  O.  Struve  also) 
that  the  dusky  ring  was  occasionally  divided  into  2  or  more  con- 
centric rings.  This  fact  is  not  indicated  in  De  La  Bue's  en- 
graving, but  the  transpai'ent  nature  of  the  entire  ring  is  well 
shewn.  On  Dec.  3,  Lassell,  while  on  a  visit  to  Dawes,  saw  "  some- 
thing like  a  crape  veil  covering  a  part  of  the  sky  within  the  inner 
ring :"  this  observation  was  made  in  consequence  of  a  hint  given 
by  Dawes  as  to  what  he  himself  had  seen  *. 


on  a  groove  has.  {Month,  Not.,  vol.  xvi. 
p.  136,  March  1856;  vol.  xvii.  p.  174, 
April  1857.)  Hippislej  and  Watson  dis- 
believed in  a  division,  and  adhered  to  the 
opinion  that  the  mark  is  merely  a  mark, 
and  that  its  breadth  varies.  Month,  Not., 
vol.  ziv.  p.  163,  March  1854;  vol.  xvi. 
p.  152,  April  1856.) 

>  Math.  Abhandl.  K6nigL  Akad,  Wit- 
aenMchaften  Berlin,  1838,  p.  7.  See  also 
Aet.  Nach.,  vol.  xxxii.  No.  756.  May  2, 
1851 ;  and  Month.  Not.,  vol.  xi.  p.  184. 
June  1 85 1. 


y  Mem.  Amer,  Acad,  of  Arte  amd 
ScienceSf  vol.  v.,  (N.S.),  p.  iii.  1855. 

*  Month.  Not.,  vol.  xi.  p.  23.  Dec  1830. 

*  A  passage  in  Phil.  Trane.,  vol.  xxxii. 
P-  3^5 1  1733*  ^7  Hadley,  almost  leads  one 
to  infer  that  he  had  seen  the  dusky  ring, 
though  without  being  able  to  make  up  his 
mind  as  to  what  it  was.  Hind,  in  Month. 
Not.,  vol.  XV.  p.  32,  Nov.  1854,  expresses 
his  belief  that  a  record  of  I^card*8  will 
fairly  bear  the  interpretation  that  on 
June  15, 1673,  he  saw  the  dusky  ring,  with 
the  like  comprehension  as  Galle. 


iSCn:  April?.     (De  L<-  Jti 


iS6[:  Nov,  I  J.     iJarof 


;  NoTember.     {Anon.) 


iWii  :  Dec.  j6.     i.  ITray.) 
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The  transparency  of  the  dusky  ring  was  not  ascertained  till 
1852 ;  Jacob,  Dawes,  and  Lassell  share  this  discovery  between 
them  ^ 

figs.  I  lo-i  I  on  Plate  XV.  relate  to  a  very  interesting  observa- 
tion made  by  Wray  on  Dec  a6, 1861.  He  saw — "A  prolongation 
of  very  faint  light  stretched  on  either  side  from  the  dark  shade  on 
the  ball,  overlapping  the  fine  line  of  light  formed  by  the  edge  of 
the  ring,  to  the  extent  of  about  one-third  its  length,  and  90  as  to 
give  tke  impression  that  it  was  the  dusky  ring^  very  muck  thicker  than 
the  bright  rings^  and  seen  edgewise  projected  on  the  sky  ®." 

It  has  been  thought  that  the  dusky  ring  is  wider  and  less  faint 
than  formerly.  On  March  26,  1863,  Carpenter  found  it  to  be 
''  nearly  as  bright  as  the  illuminated  ring,"  so  much  so  that  it 
^  might  easily  have  been  mistaken  for  a  part  of  it^." 

On  Oct.  29,  1883,  Davidson  with  a  6*4  inch  refractor  found  an 
undoubted  difference  in  the  brightness  of  the  dusky  ring  at  the 
2  ans8B,  the  preceding  ansa  being  decidedly  brighter  than  the 
foUowing  one  ;  different  eye-pieces  yielded  the  same  result,  and 
another  observer  concurred  in  the  opinion  ^ 

Having  said  this  much  on  the  history  of  these  discoveries,  some 
facts  connected  with  the  rings  must  now  be  set  oui  Their  true 
form  is  no  doubt  circular,  or  nearly  so ;  but  as  we  always  see 
them  foreshortened,  they  appear  more  or  less  oval  when  the 
Earth  is  above  or  below  the  plane  of  the  rings,  but  when  we  are 
nearly  in  the  plane  they  appear  as  a  single  straight  line,  or 
something  like  it.  When  we  are  exactly  in  the  plane  they  dis- 
appear altogether,  except  in  very  large  telescopes.  Figs.  112  and 
113  will  make  this  sufficiently  clear.  In  the  true  position 
of  the  rings  during  Saturn's  revolution  round  the  Sun  there  is 
no  change :  they  remain  continually  parallel  to  each  other. 


^  Perhspa  this  senienoe  requires  to  be  planet  of  deeper  shade  than  usual, 

qualified,  for  Galle,  in  his  drawing,  re-  <  Monik^  Nat.,  vol.  xxiii.  p.  86.    Jan. 

presents   the  planet  seen   through   the  1863. 

ring;  but  it  must  be  remarked  that  he  ^  Month,  2fo^., vol. xxiii. p.  195.    April 

did  not  know  he  was  looking  at  a  rt'ny,  1863. 

and  only  intended  to  draw  what  was  (and  *  Observataiyf  vol.  vii.  p.  85.     March 

readilj  might  be)  taken  for  a  belt  on  the  1884. 
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The  plane  of  the  rings  is  inclined  28°  10'  to  the  ecliptic,  and 
intersected  it  in  i860  in  longitude  167°  43'  10"  and  347"  43'  10" 
(i  71"  of  Virgo  and  Pisces) ;  the  former  point  being  the  place  of 
the  ascending  node,  and  the  latter  that  of  the  descending  node. 
According  to  Bessel  the  longitude  of  the  node  of  the  ring 
referred  to  the  ecliptic  increases  at  the  rate  of  46-462"  j>er  anni 


c 


Whether  viewed  from  the  Earth  or  from  the  Bun,  the  pheno- 
mena seen  in  connexion  with  the  ringa  of  Saturn  aie  much  the 
same,  but  (be  motion  of  the  Earth  in  its  orbit  (the  inclination  of 
which  diffeifi  somewhat  from  that  of  Saturn)  gives  rise  to  certain 
phases  in  the  rings  which  would  not  be  witnessed  by  an  observer 
placed  on  the  Sun.  "  Thus  it  usually  happens  that  there  are  2, 
if  not  3  disappearances',  about  the  time  of  the  planet's  arrival  at 
the  nodes.  The  plane  of  the  ring  may  not  pass  through  the 
Earth  and  Sun  at  the  same  time,  but  the  ring  may  be  invisiblo 


'  There  c 
p.  90.) 


I  re»lly  o 


B  than  lico  diwppmnuice*.      ^PmMrr,  I 
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under  both  conditions,  because  its  edge  only  will  be  directed 
towards  us.  It  is  also  invisible  when  the  Earth  and  Sun  are  on 
opposite  sides  of  its  plane — a  state  of  things  that  may  continue 
a  few  weeks :  in  this  case  we  have  the  dark  surface  turned 
towards  our  globe.  In  very  powerful  telescopes  it  has  been  found 
that  the  disappearance  of  the  ring  is  complete  under  the  latter 


1  DAiJCB  anotruiv. 


condition ;  it  baa,  however,  been  perceived  as  a  faint  broken  line  of 
a  dusky  colour,  not  only  when  the  Sun  is  in  its  plane,  but  like- 
wise when  its  edge  is  directed  to  the  Earth.  Our  remarks  must 
be  considered  as  applying  to  observations  with  telescopes  in 
common  use."  The  foregoing  quotation  is  from  Hind  ";  a  fuller 
account  is  given  by  Sir  John  Herschel''. 

Saturn's  period  being  29'458',  the  half  of  tliiB,  or  14-729',  will 
be  the  average  time  elapsing  between  3  nodal  passages.     Such  a 


'  Inlred.  to  Ait.,  p.  107. 


"  Oatlinu  iff  Art.,  p.  343  et  nq. 
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passage  took  place  in  1877.  The  Northern  surface  of  the  ring 
had  then  befen  visible  for  14*7^ 

In  June  1885  the  planet  was  in  77.5*"  of  longitude,  one  of  the 
two  places  at  which  the  greatest  opening  of  the  rings  occurs. 
The  breadth  will  diminish  till  1891,  when  the  motion  of  the 
planet  and  of  the  Earth  will  again  bring  the  ring  edgewise  to  the 
Earth  and  cause  it  to  disappear,  the  Sun  being  South  of  the  plane, 
and  the  Earth  crossing  to  the  North. 

In  1893  the  Sun,  passing  through  the  plane  of  the  ring,  will 
begin  to .  illuminate  its  Northern  surface,  and  the  Earth  being 
also  on  that  side,  the  ring  will  reappear.  After  a  few  months 
the  Earth  will  go  to  the  South,  and  the  Sun  remaining  on  the 
North,  a  second  disappearance  will  take  place.  The  ring  will 
remain  invisible,  in  consequence  of  presenting  its  unilluminated 
side  to  us,  till  the  Earth  once  more  passing  through  the  plane  of 
the  ling  to  the  North,  will  bring  the  Northern  side  into  view — 
a  state  of  things  which  will  last  till  1907. 

It  will  be  seen  from  De  La  Rue's  drawing  of  1856,  and 
from  others  taken  at  the  epoch  of  maximum  breadth,  that 
the  ball  is  at  such  times  entirely  encompassed  by  the  ring,  and 
that  thus  the  outline  of  the  whole  system  is  a  perfect  ellipse : 
this  state  of  things  always  lasts  for  several  months.  The  ring  of 
Saturn  is  most  open  when  the  planet  is  in  either  Gemini  or 
Sagittarius. 

By  a  careful  examination  of  the  ring  Sir  W.  Herschel  ascer- 
tained that  it  revolves  round  the  ball  in  lo**  32"  15"— a  period 
not  greatly  in  excess  of  that  of  the  planet's  own  axial  rotation  : 
the  direction  is  the  same  in  both  cases.  There  are,  however,  great 
difficulties  in  the  way  of  admitting  this  rotation '. 

In  1 854-5-6,  Secchi  executed  numerous  measures  of  the  rings, 
but  they  exhibited  considerable  discordances.  He  afterwards 
found  that  whilst  those  of  2  consecutive  days  did  not  harmonise, 
those  of  3  and  9  days  did ;  and  the  idea  then  occurred  to  him 
that  the  results  might  be  explained  by  supposing  the  ring  to 

'  It  is  noteworthy  that  previously  to      in  the  text,  Laplace  calculated  that  the 
Sir  W.  Herschel  finding  the  result  given      rings  otight  to  rotate  in  lo*^  33™  36". 
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be  elliptical,  presenting  sometimes  its  longer,  sometimes  its  shorter 
diameter.  He  failed  to  reconcile  Herschel's  period  of  rotation 
with  his  own  observations,  but  found  that  a  period  which  corre- 
sponds with  that  which  a  sateUite  placed  on  the  margin  of  the  ring 
would  have  (namely,  14''  23™  i8*)  would  satisfy  them^. 

O.  Struve  introduced  a  system  for  conveniently  distinguishing 
the  rings  from  each  other,  in  writing  and  speaking,  which  is  now 
generally  adopted.  He  called  the  exterior  bright  ring  A,  the 
interior  bright  ring  B,  and  the  dusky  one  C.  When  reference 
is  made  to  the  system  as  a  whole  it  is  very  usual  to  say  *  ring,' 
in  the  singular  number,  no  one  ring  in  particular  being  thereby 
meant. 

The  ring  is  not  concentric  with  the  ball.  Gallet  of  Avignon 
announced  this  in  1664,  placing  the  ball  nearer  to  the  East  ansa. 

In  1827,  Schwabe  expressed  his  belief  that  the  ring  was 
eccentric,  but  in  the  opposite  direction  to  that  assigned  by  Gallet. 
Harding  confirming  Schwabe's  opinion,  W.  Struve  took  the 
matter  in  hand  micrometrically,  and  found  that  at  the  mean 
distance  of  Saturn  from  the  Earth,  whilst  the  diameter  of  the 
Eastern  vacuity  was  11*288'',  that  of  the  Western  was  only 
11*073'',  shewing  a  difference  of  0*215"  in  favour  of  the  former. 
This  peculiarity  has  been  shewn  to  be  essential  to  the  stability 
of  the  system  of  the  rings :  without  this  feature  and  without 
rotation  they  would  fall  upon  the  planet. 

The  following  angular  measurements,  reduced  to  the  mean 
distance  of  the  planet  (and  calculated  on  the  solar  parallax  of 
8*8o"),  are  by  the  same  observer : — 


Outer  diAmeter  of  exterior  ring 
Inner  diameter  ,, 

Breadth  ,, 

Oater  diameter  of  interior  ring 
Inner  diameter 
Breadth 

Interval  between  the  two 
Distance  of  ring  from  ball 
Equatorial  diameter  of  ball 


u 

English 
MiW 

40-095 

« 

172,340 

35289 

- 

>5i»590 

3-403 

- 

10,320 

34-475 

- 

148,100 

26^8 

- 

i<4,5^ 

3903 

« 

16,765 

0-408 

«• 

1,750 

4-339 

» 

18,640 

17.60 

b. 

75»6oo 

^  Month.  Xot.,  vol.  xvi.  p.  52.  Jan.  1856. 
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The  measures  of  De  La  Rue\  Main°^,  and  Jacob"  are  appended 
for  comparison^ : — 


I  •  •       •  •  • 


•  ■  •       • « • 


Outer  diameter  of  exterior  ring  . . . 
Inner  diameter 
Breadth 

Outer  diameter  of  interior  (middle)  ring  . . 
Inner  diameter  „  „ 

Breadth  „  »>        .. 

Interval  between  the  two  ... 
Distance  of  ring  firom  ball  . . . 
Equatorial  diameter  of  planet    . . . 


•  •  ■         •  • 


if 


•  •  •  I 


I  •  >  ■  •  I 


I  •  •  •  •  < 


DeLaRae. 

35-33 
a.25 

33-45 
a6>9i 

3-37 
0.94 

4*63 

17.66 


Main.       Jacob. 


ft 


39-73 


27-<55 


5-07 
17-50 


39-99 

35-82 
3.08 

34-85 
a6>27 

429 

0*48 

4'i6 

17-94 


There  are  some  particulars  relating  to  the  rings  which  cannot 
well  be  classified.  Sir  J.  Herschel  estimated  their  thickness  at  not 
more  than  250  miles  ;  O.  P.  Bond  cut  this  down  to  40  miles. 
Peirce'  thought  that  there  were  good  grounds  for  supposing  them 
to  be  fluid  rather  than  solid  ;  but  the  opinion  which  meets  with 
most  favour  now  is  that  they  are  a  dense  aggregation  of  small 
satellites,  densest  where  brightest,  widest  apart  where  most  faint. 
In  fact  it  may  be  shewn  that  if  a  system  of  rings  of  such  propor- 
tion was  constructed  of  iron  it  must  become  semi-fluid  under  the 
forces  it  would  experience.  Considered  as  a  system,  the  rings 
are  sensibly  more  luminous  than  the  planet  (a  fact  which  Hooke 
pointed  out  as  long  ago  as  1666),  and  B  is  brighter  than  A. 
B  itself  is  perceptibly  less  bright  at  its  inner  edge  than  elsewhere. 
At  the  epoch  of  the  Satumian  equinoxes  the  ansae  do  not  both 
disappear  and  reappear  at  the  same  time,  and  at  these  periods 
they  are  sometimes  of  unequal  magnitude. 

On  Oct.  9,  1714,  6  days  before  the  actual  passage  of  the  Earth 
through  the  plane  of  the  ring,  and  whilst  the  ansae  were  de- 
creasing, Maraldi  noticed  that  the  Eastern  one  appeared  a  little 

*  JfonM.^o/.,  vol.  xyi.  p.  43.  Dec.  1855.  be  found  in  Att.  Naeh.,  vol.  xii.   Nob. 

™  Jbid.,  p.  30.  374-5.     Feb.  i8,  and  March  7,  1835. 
n  Ibid.,  p.  134  (March  1856).  p  GouUTs  AHronomical  Journal,  vol. 

o  An  important  series  by  Bessel  will  ii.  p.  17.    June  16,  1851. 
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broader  than  the  other  for  3  or  4  nights,  and  yet  it  vanished 
firsts.  He  was  induced  to  suspect  that  the  ansae  had  changed 
places  by  rotation,  and  that  at  any  rate  the  surface  of  the  rings 
was  very  irregular,  the  2  rings  lying  moreover  in  different 
planes. 

Heinsius,  Varela,  Messier,  and  many  others  have  noticed  the 
ansae  to  be  of  different  lengths,  and  that  one  is  frequently  visible 
without  the  other.  When  only  one  is  visible,  it  is  most  fre- 
quently that  on  the  Western  side — a  fact  for  which  it  is  diflScult 
to  account. 

Fig.  116  represents  Saturn  as  drawn  by  Terby  of  Louvain  with 
an  8-inch  Grubb  Refractor.  He  remarks  that  the  drawing 
brings  out  especially  the  following  features : — Encke's  division ; 
Henry's  bright  streak  in  -ring  A  opposite  Cassini's  division ; 
Stnive*8  division  between  rings  B  and  C  especially  on  the  East ; 
the  black  patches  in  the  dusky  ring  especiaUy  on  its  West  side ; 
the  indentation  of  the  shadow  of  the  ball  on  the  Cassini  division 
on  the  West ;  the  shadow  cast  by  the  ball  on  the  dusky  ring ; 
and  lastly  the  transparency  of  the  dusky  ring  which  permits  the 
ball  to  be  seen  through  it'. 

When  at  its  nodes  the  ring  frequently  appears  broken,  shewing 
merely  luminous  elongated  beads  seemingly  detached  from  one 
another.  For  a  long  time  astronomers  were  in  doubt  as  to  the 
cause  of  these  appearances,  and  it  was  not  till  so  recently  as 
1848  that  the  question  was  cleared  up.  In  that  year  the  ob- 
servers at  Harvard  College,  U.  S.,  instituted  a  careful  inquiry, 
and  their  micrometrical  observations  shewed  that  these  "  beads  " 
were  due  to  the  concun*ent  effect  of  light  reflected  by  the  edges, 
external  and  internal,  of  the  rings.  The  Figures  [117-18]  are 
copied  from  Bond's  memoir,  but  ring  C  is  omitted  that  matters 
may  be  simplifled.  What  follows  I  cite  from  Webb,  who 
devoted  much  time  to  the  elucidation  of  Satumian  facts.  ^  It 
must  be  borne  in  mind  that  this  design  is  an  intentional  exaggera- 
tion for  clearness*  sake,  representing  the  dark  surface  much 

*i  Mim.  Acad.  de$  SeieHces,  1715)  p.  13. 
'  Obnerrntortf,  vol.  x.  p.  163,  April  1887. 
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more  expanded  than  it  ever  really  is,  and  the  thicknees  of  t 
rings  many  (they  say  perhaps  lo)  times  too  great.  To  i 
they  add  the  qualification  that  the  edges  should  be  roundedfl 


I 


and  I  should  he  inclined  to  suggest  another,  that  A  may  prohably 
he  much  thinner  than  B,  so  that  its  inner   edge  would  add 


little  to  the  effect-     Comparing,  then.  Fig.  117  with  Fig.  ilfl 


we   ^ould  have,- 


dark   band  ■ 


I   the   plai 
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slightly  curving  upwards,  and  consisting  of  both  the  dark  side, 
of  the  ring  and  its  shadow  (the  latter  not  inserted  in  Fig.  1 14). 
2.  The  outer  edge  of  A  visible  throughout,  but  with  extreme  diffi- 
culty when  alone,  as  between  b  and  c,  and  /  and  ^,  and  towards 
a  and  A.  3.  Two  brighter  portions  from  c  to  d,  and  from  tf  to  /, 
where  the  light  of  A  is  reinforced  by  that  reflected  by  the  inner 
edge  of  B.  4.  Two  bright  knots  where  the  same  light,  strength- 
ened by  the  concurrent  reflection  from  the  inner  edge  of  A  and 
the  outer  of  B  (the  latter,  it  may  be  presumed,  many  times  out- 
weighing the  former),  reaches  us  through  the  opening  of  [Cassini's] 
division.  This  the  Americans  considered  fully  satisfactory,  the 
curvature  of  the  black  stripe  having  been  noticed,  and  estimated 
at  0-25'';  the  extremities  of  the  line,  and  the  beads,  falling  be- 
neath its  direction,  as  from  the  diagram  they  ought  to  do,  and 
the  accordance  of  measures  fully  bearing  out  the  impression 
of  Nov.  3,  that  the  *  interruptions  in  the  light  of  the  ring  are  so 
plainly  seen,  that  no  one  could  for  a  moment  hesitate  as  to  their 
explanation/  " 

O.  Struve  many  years  ago  propounded  a  theory  *  that  the  rings 
were  expanding  inwards  (so  that  ultimately  they  would  come  in 
contact  with  the  ball) ;  and  also  that  between  the  time  of  J.  D. 
Caasini  and  Sir  W.  Herschel  the  breadth  of  the  inner  ring  had 
increased  in  a  more  rapid  ratio  than  that  of  the  outer  ring,  while 
the  exterior  diameter  of  A  was  unchanged.  Struve  drew  this 
conclusion  from  the  early  observations  of  Huygens  and  others : 
but  it  is  doubtful  if  these  are  to  be  relied  upon;  and  Main 
considered  that  micrometric  measures  obtained  by  himself  showed 
the  theory  to  be  uuteuable.  Kaiser  also  considered  it  to  be 
destitute  of  foundation  \  On  the  other  hand,  both  Hind°  and 
Seocbi'  favour  the  idea  of  change. 

The  rings  cast  a  shadow ;   and  from  observing  this  shadow 

*  M^.  de  FAcad.  dt$  Sciences  de  St.  Jan.    1856,  for  an  abttract  of  Kaiser*! 

PHertbour^f  6th  ser.,  Math,  et  Phya.,  memoir. 

▼ol.  V.  1852.     An  abstract  of  it  appears  "  Month,  Not.,  vol.  xv.  p.  31.     Nov. 

in  Month.  Not.,  vol.  xiii.  p.  33.     Nov.  1854. 

1853.  *  Month.  Not.,  vol.  xvi.  p.  50.    Jan. 

'  Hee   Momth.   Not.,   vol.   xvi.  p.   66,  1856. 
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some  persons  have  been  led  to  think  that  the  surfaces  of  the  rings 
are  convex  y,  and  that  they  do  not  lie  in  precisely  the  same  plane. 
Sir  J.  Herschel  doubted  the  former  being  a  legitimate  conclusion 
from  observation,  but  admitted  its  theoretical  probability*.  Lassell 
considered  that  O  often  changes  colour,  each  end  being  alter- 
nately bluish-gray  and  brownish*.  This  may  indicate  rotation. 
Hippisley  thought  that  there  was  evidence  that  the  ring  A  lies 
in  a  different  plane  from  the  others,  and  that  B  is  thicker  in  the 
middle  than  at  either  of  the  edges  ^.  Sir  W.  Herschel  surmised 
that  the  ring  is  not  flat,  but  that  the  inner  edge  was  hemi- 
spherical or  hyperbolical*'.  The  outer  edge  of  B  is  commonly 
the  brightest  portion  of  the  system,  but  Schwabe  and  Webb 
believed  it  to  be  variable.  The  inner  edge  of  the  same  ring 
is  usually  much  the  dullest,  but  occasionally  it  brightens  up. 
G.  P.  Bond  in  1 856  regarded  the  dark  shading  visible  at  the  inner 
edge  of  B  as  a  sharply-defined  dark  area,  elliptical  in  form  and 
concentric  with  the  rings,  but  of  greater  eccentricity.  Prince 
"  is  convinced  "  that  O  is  becoming  more  and  more  illuminated*^. 
LasseU  and  De  La  Rue  have  suspected  the  existence  of  mountains 
on  the  rings,  in  consequence  of  elevations  appearing  in  the  shadow 
projected  on  the  ball®.  [Fig.  106,  PL  XIV.]  Jacob  saw  the  eflTect, 
but  doubted  the  assigned  cause,  preferring  to  think  that  it  is  an 
illusion  arising  from  inequalities  in  the  depth  or  tone  of  the 
shadow  ^  In  1848,  when  the  unilluminated  side  was  turned  to- 
wards us,  Dawes  saw  traces  of  the  shadow,  of  a  coppery  hue,  and 
he  regarded  this  as  an  effect  due  to  a  rather  dense  atmosphere  ^ : 
but  more  than  this,  the  atmosphere  causing  a  refraction  of  the 
solar  light  on  each  side  of  the  ring  would  reduce  the  shadow  of 
the  ring  to  a  penumbra,  and  thus  account  for  it  being  impercep- 
tible when  the  Sun  was  in  the  plane  of  the  ring.    Sir  W.  Herschel 

'  De  La  Rne's  drawing  forcibly  con-  *  Month,  Not.,  vol.  xx.  p.  213.     March 

veys  the  impression  of  this  as  regards  B.  i860. 

■  Outlines  of  Ast,  p.  ^4^.  •  Ibid.,  vol.  rxi.    pp.    177   and   236. 

•  Month.  Not,  voh  xiii.  p.  147.  March  April  and  June  1861. 

1853.  '  Ibid.,  vol.  XXI.  p.  237.     June  1861. 

^  Mont/i.  Not.,  vol.  xiv.  p.  163.   March  «  Month,    Not.,  vol.   x.    p.    46,   De- 

1854.  cember  1849,  and  vol.  xxii.  p.  298,  June 
*"  Phil.  Trans.,  vol.  xcvi.  p.  463.  1806,       1862. 
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had  previously  believed  that  an  atmosphere  surrounding  the  ring 
alone  would  explain  a  distortion  which  he  noticed  in  1807,  at 
the  South  pole,  in  optical  proximity  to  the  ring ;  the  other  pole 
being  at  the  same  time  clear  of  the  ring  and  free  from  distortion^. 
Between  1873  and  1876,  using  the  26-inch  refractor  of  the 
Washington  observatory  and  2  smaller  instruments,  Trouvelot 
spent  much  time  in  carefully  studying  the  planet  Saturn.  His 
observations  were  numerous,  and  the  conclusions  he  drew, 
important.  The  following  are  some  of  them  in  a  condensed 
form*: — The  inner  margin  of  A2,  limiting  the  outer  border  of 
the  principal  division,  shewed  on  the  ansae  some  singular  dark 
angular  forms  attributable  to  an  irregular  and  jagged  conform- 
ation of  the  inner  border  of  A2,  either  permanent  or  temporary; 
the  surface  of  Ap  A2  and  B  frequently  exhibited  a  mottled 
or  cloudy  appearance  on  the  ansse ;  the  thickness  of  the  system 
of  rings  increases  from  the  inner  margin  of  O  to  the  outer  margin 
of  B,  a  fact  which  is  shown  by  the  form  of  the  planet's  shadow 
thrown  upon  the  rings  ;  the  cloud -forms  seen  near  the  outer 
edge  of  B  attain  different  heights  and  change  their  relative 
position  either  by  the  rotation  of  the  rings  on  an  axis,  or  by 
some  local  cause  — a  fact  indicated  by  the  rapid  changes  in  the 
indentation  of  the  shadow  of  the  planet ;  the  inner  portion  of  O 
disappears  in  the  light  of  the  planet  at  that  pai-t  which  is  pro- 
jected upon  its  disc ;  contrary  to  the  observations  hitherto  made, 
O  is  not  transparent  throughout ;  O  grows  more  dense  as  it 
recedes  from  the  planet,  so  that  at  about  the  middle  of  its  width 
the  limb  of  the  planet  entirely  ceases  to  be  visible  through  it; 
the  matter  composing  C  is  agglomerated  here  and  there  into 
small  masses  which  almost  wholly  prevent  the  light  of  the  planet 


from  reaching  the  ol>server. 


^  Phil.  Trann.  vol.  xcviii.  p.  162. 
J  808. 

*  American  JourmU  of  Science  and 
ArtSf  $rd  Ser.,  vol.  xii.  p.  447.  June 
1876.  Tronvelot  baa  adopted  a  special 
nomenolatnre  of  his  ownwhich  is  calculated 
to  cause  great  <x>nfusion.  He  designates 
liy  A  and  B  the  outer  and  inner  portions 


of  the  outer  king,  and  calls  O  the  ring 
which  all  other  astronomers,  foUowing 
O.  Strnve,  alwa^rs  indicate  by  the  letter 
B.  I  have  altered  Trouvelot's  letters  to 
accord  with  the  recognised  nomenclature, 
indicating  the  sub-divisions  of  A  by 
calling  them  Ai  and  A|  respectively. 
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In  general  the  brightness  of  the  ball  and  of  the  rings  is  toler- 
ably uniform,  but  there  are  exceptions  to  this  rule.  In  April 
i8j5a  Lassell  noted  the  rings  to  be  very  dull  compared  with  the 
ball,  but  this  might  have  been  due  to  the  small  elevation  of  the 
Sun  above  the  plane  of  the  ring.  Probably  any  peculiarities  of 
this  nature  which  may  be  noticed  from  time  to  time  are  optical 
effects,  and  do  not  depend  on  actual  change.  Trouvelot  however 
found  the  ball  less  luminous  at  its  circumference  than  at  its 
centre,  a  fact  which  seems  indicative  of  the  existence  of  aii 
atmosphere. 

Bessel  entered  upon  some  investigations  to  determine  the  mass 
of  the  rings,  by  asceiiaining  their  perturbing  effect  on  the  orbit 
of  the  6^  satellite,  Titan.  He  estimated  it  at  ^\^  of  the  mass 
of  the  planet  <°.  The  thickness  of  the  rings  being  too  minute 
for  measurement,  no  precise  determination  of  their  density  is 
attainable ;  if,  however,  we  assume  it  as  approximately  equal  to 
that  of  the  planet,  as  is  probably  the  ease,  it  will  foUow  that  the 
thickness  is  about  138  miles — a  quantity  which  is  very  nearly 
the  mean  of  the  a  estimatioiis  of  Sir  J.  Herschel  and  Bond. 
Supposing  this  to  be  ooiTeet,  at  the  mean  distance  of  the  planet 
the  rings  would  only  rabtend  an  angle  of  about  0*03'';  it  may 
therefore  be  readily  inferred  that  the  ring  will  at  stated  times 
become  wholly  invisible  even  in  the  most  powerful  telescopes. 

Satam  is  attended  by  8  satellites,  7  of  which  move  in  orbits 
whose  planes  coincide  nearly  with  that  of  the  planet  s  equator, 
and  therefore  with  the  plane  of  the  rings  also :  the  orbit  of  the 
remaining  and  most  distant  satellite  is  inclined  about  12^  14' 
(Lalande)  to  the  aforesaid  plane.  One  consequence  of  this  coin- 
cidence in  the  planes  of  the  orbits  of  the  first  7  satellites  is  that 
they  are  always  visible  to  the  inhabitants  of  both  hemispheres 
when  not  under  eclipse  in  their  primary's  shadow. 

In  dealing  with  the  satellites  of  Saturn,  I  continue  to  follow 
my  usual  plan  of  tabulating  as  much  information  as  possible, 
but  when  we  have  proceeded  beyond  Jupiter,  data  concerning 

■  Conn.  d§a  Temps^  1S38,  p.  29. 
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Hfttellites  become  botli  soiree  and  contradictory,  aad  it  is  ( 
quently  necessary  to  give  alternative  statements. 

The  fignres  in  the  column  of  "'  Diameter "  are,  with  the  ex- 
ception of  Titan's,  extremely  doubtful,  and  this  impairs  the  value 
of  Proctor's  calculations  given  at  the  foot  of  the  Table  opposite. 

Mimat.  Beer  and  Madler's  reduction  of  Sir  W.  Herschel's  ob- 
servationB  in  1789  gives  forthe  epoch  of  Sept.  14''  1 3'' id"  Slough 
M.T.,  the  Saturniceutric  A  at  ^64"  16'  36",  the  lun^tude  of  the 
peri-aatumium  at  104-43°.  and  the  eccentricity  at  oofiX. 


Fnee!ailii».  Beer  and  Miidler,  also  from  Sir  W.  Herschel's  ob- 
servations, gave  for  the  epoch  of  17)^9,  Sept.  i^''  1 1*"  53™,  the  K 
at  bj"  56'  26" :  they  con.iidered  the  orbit  to  be  circular  in  the  plane 
of  the  ring.  Hind  says  that  Encctadus  was  Jtcn  by  Sir  ' 
Herschel  on  Aug.  19,  17H7. 

TefliffK.  Lament,  from  hia  own  observations  in  1 836,  found  fot 
the  epoch  of  April  23'' «''  27"'  Greenwich  M.T.,  the  A  to  be  158°  31', 
the  longitude  of  the  peri-satumium  357'  37',  the  e  184°  36', 
the  oeci-ntricity  o-oo.'^r.and  the  inclination  of  the  orbit  to  1 
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Saturn. 
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plane  of  the  ring  i"*  33^  Sir  John  Hersohel,  about  the  same  time, 
found  the  A  to  be  313^  43^  the  longitude  of  the  peri-satumium  to 
be  53^  40^  the  eccentricity  0*042(17,  and  the  orbit  to  be  precisely 
in  the  plane  of  the  ring.  The  serious  differences  in  these  two 
results  are  to  be  ascribed  to  errors  in  the  observations  arising 
from  the  diificulty  attending  them,  but  such  differences  naturally 
make  us  distrust  the  entire  batch  of  figures. 

Dioue,  Sir  John  Herschel  in  1836  found  the  X  to  be  3^7^  40^ 
the  longitude  of  the  peri-satumium  42^  30',  the  eccentricity  0*0206, 
and  the  orbit  to  be  precisely  in  the  plane  of  the  ring. 

SAea.  Sir  John  Herschel  in  1835-7  found  the  X  to  be  353*  44'* 
the  longitude  of  the  peri-satumium  95'',  and  the  eccentricity 
0*02269.    The  inclination  is  very  small. 

Tilan^,  as  the  satellite  most  easily  seen,  has  naturally  received 
most  attention.  Bessel's  determination  of  its  orbit  is  reputed  to 
be  the  most  complete.  For  the  epoch  of  1830*0  he  gave  the  X  at 
137''  21',  the  longitude  of  the  peri-satumium  at  256''  38',and  the 
eccentricity  0-029314.  The  line  of  apsides  has  a  direct  motion  on 
the  ecliptic  of  30^,28''  annually,  completing  a  revolution  in  718 
years,  the  nodes  completing  a  revolution  in  3600  years. 

Hyperion  has  been  so  recently  discovered  that  its  orbit  has  not 
been  very  fully  investigated.  From  Washington  observations 
made  in  1 875  Hall  found  the  A  to  be  1 20""  1 7,\  the  longitude  of  the 
peri-satumium  173^  the  eccentricity  0'ii8,  and  the  inclination 
of  the  orbit  6"^  12^  Lassell*s  observations  made  at  Malta  in  1852 
And  1^53  agree  with  these  conclusions  in  part,  but  Hall  remarks 
that  neither  Lassell  s  observations  nor  those  at  Washington  ^^  fix 
the  position  of  the  satellite  in  its  orbit  with  much  certainty,  aL 


■  When  Hnygens  diaoovered  thii  sa- 
tellite in  1655,  he  was  impmdent  enough 
to  predict  that  there  were  no  othen, 
Utaa  Imit^  the  6th 


« 


planets  known,  NntnTe*!  (supposed)  laws 
of  symmetry  were  satisfied.  The  danger 
of  prediction  in  matters  of  this  kind  is 
well  illustrated  in  the  case  of  Mr.  John 
Harris,  F.R.S.  That  learned  gentleman 
published  a  book  in  1729,  in  which  he 


says:  "Tis  highly 
may  be  more  thas  5  jumbs  rerolTing 
looad  this  nawto  ^bnet  [the  number  of 
oalriStai  which  Saturn  was  then  known 
to  possess] ;  but  their  distance  is  so  gx«at 
as  that  they  have  hitherto  escaped  our 
eyes,  and  perhaps  may  continue  to  do  so 
for  ever ;  for  I  do  not  think  thai  our 
ieleieope*  will  be  much  fkrthir  tM- 
proved!!*' 
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they  were  made  when  the  plane  of  the  orbit  was  nearly  edgewise 
to  the  observer."  He  adds : — "  If  we  examine  the  elements  we 
shall  see  that  Hyperion  moves  nearly  in  the  plane  of  the  orbit  of 
Titan,  and  considering  the  values  of  the  eccentricities  it  wiU  be 
seen  that  these  satellites  can  approach  very  near  each  other**/* 
Hyperion  was  seen  by  Bond  on  Sept.  16,  1847,  and  by  Lassell  on 
Sept.  1 8,  but  it  was  not  till  the  date  given  in  the  table  that  its 
character  was  determined. 

lapetus,  Lalande  for  the  epoch  of  1 790  gave  the  A  at  269**  37', 
and  the  Q  at  150®  27',  reckoned  on  the  orbit. 

The  following  elements  are  by  Captain  Jacobs : — 


Mimas 

Enoeladus 

Tethys 

Dione  

Rbea    

TiUxL  

Hyperion 
lapetus    . . 


1857. 

Jan.  0. 

ir 

Q 

1 

To  Eclip. 

c 

Semi-axis 

maj. 

a 

DaUy 

Sat'oentric 
Mot 

0        / 

0       / 

0      / 

0      / 

It 

0 

3IO    + 

? 

? 

? 

? 

1 

381-947 

301  55 

? 

? 

? 

? 

? 

363-733 

381  43 

109     7 

»67  37 

38   10 

0'Oio86 

43-60 

190-697 

1J5  30 

M5     4 

167  37 

38   10 

0'003io 

54-85 

131-534 

388  43 

185     0 

167  19 

38     8 

0-00080 

76- » 3 

79-690 

399  43 

357    6 

167  58 

27  36 

0.037937 

176*90 

"-577 

? 

? 

? 

? 

? 

? 

? 

78    9 

349  30 

143     1 

18  37 

0.038443 

5M-9^ 

4-538 

A.  Hall  considers  that  the  orbits  of  the  5  inner  satellites  are 
sensibly  circulai*  and  that  they  move  in  the  plane  of  the  ring  or 
nearly  so,  but  it  will  be  readily  understood  that  the  small 
apparent  size  of  most  of  these  satellites,  and  the  consequently 
limited  number  of  telescopes  and  observers  which  can  be  brought 
to  bear  on  them,  materially  retards  the  attainment  of  any  more 
perfect  acquaintance  with  their  motions,  though  it  is  reasonable 
to  hope  that  the  multiplication  of  large  instruments  and  experi- 
enced observers  now  taking  place  will  ere  long  lead  to  a  develop- 
ment of  our  knowledge  of  the  orbits  of  these  satellites. 


*»  Ast,  Nach.,  vol.  xcv.  No.  3363.  June 
17.  1879. 


P  Month.  Not.f  vol.  xviii.  p.  i.     Nov. 
»8.S7- 
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Sir  J.  Henchel  pointed  out  the  carious  ciicamstanoe  that  the 
period  of  Mimas  is  |  that  of  Tethys,  and  the  period  of  Enoeladus 
I  that  of  Dicme*.  Monck  puts  these  &ct8  in  the  shape  that  the 
ratio  of  these  4  periods  are  a,  3,  4  and  6,  adding  thai  the  period 
of  lapetos  is  very  nearly  5  times  that  of  Titan*  D' Arrest  fiirther 
called  attention  to  the  oommensurability  within  yV*  ^^  ^IN  ^^ 
ay 4  revolutions  of  Mimas,  170  of  Enceladns,  and  85  of  Dione^ 

Kiricwood  has  discovered  a  still  more  complicated  relationship, 
which  may  be  thus  enunciated :  To  5  times  the  daily  angular 
motion  in  its  orbit  of  Mimas  add  the  daily  motion  of  Tethys, 
and  4  times  the  daily  motion  of  Dione,  and  the  sum  total  will  be 
equal  to  10  times  the  daily  motion  of  Enceladus. 

The  disappearance  of  the  ring,  in  1862,  was  taken  advantage 
of  by  various  observers  for  watching  the  rare  phenomenon  of  a 
transit  of  the  shadow  of  Titan  across  the  planet.  The  satellite 
itself  was  not  seen  on  any  occasion,  but  Dawes  and  others  ob- 
tained several  good  views  of  the  shadow*.  Again  in  1877  the 
shadow  of  Titan  was  seen  by  Common,  and  others.  The  only 
observation  of  this  kind  prior  to  1862  appears  to  have  been 
made  by  Sir  W.  Herschel  on  Nov.  2,  1789.  Dawes  on  May  25, 
1862,  saw  an  eclipse  of  this  satellite  in  the  shadow  of  Saturn — 
the  only  instance  on  record. 

It  must  not  be  supposed  that  Titan  is  the  only  satellite  of 
which  an  eclipse,  transit,  or  occultation  is  possible,  for  all  the 
satellites  are  occasionally  subject  to  these  effects.  This  is 
especially  true  of  the  two  innermost  ones,  but  the  small  apparent 
size  of  all  except  Titan  hinders  observation  of  them. 

Celestial  phenomena  on  Saturn  must  possess  extreme  grandeur 
and  magnificence,  the  rings  forming  a  remarkable  series  of  arches 
stretched  across  the  Satumian  heavens.  The  nearest  satellite, 
Mimas,  traverses  its  orbit  at  the  rate  of  16'  of  arc  in  a  minute  of 
time,  so  that,  as  viewed  from  Saturn,  it  moves  in  2  minutes  over 
a  space  equal  to  the  apparent  diameter  of  the  Moon.    Considering 

^  MoHth.  Not, vol.  vii.p.  i^.   Dec.1845.  ■  Month,  Not.,  vol.  zxii.  pp.  264,  297, 

^  Att.Nach,, \vil  "So.  1^64.    June  14,      &c.    May  andj  one  1862. 
1862. 
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the  remoteness  of  Saturn  from  the  Sun  its  satellites  play  a 
somewhat  important  part  in  the  Satumian  sky  as  reflectors  of 
sun-light  Nevertheless  the  space  occupied  by  all  of  them,  taken 
together,  is  (as  stated  on  a  previous  page)  only  about  6  times 
that  covered  by  the  Moon. 

Lockyer  thus  summarises  the  phases  of  Saturn's  ring  as  seen  by 
an  observer  placed  on  the  planet  itself^: — ''As  the  plane  of  the 
ring  lies  in  the  plane  of  the  planet's  equator,  an  observer  at  the 
equator  will  only  see  its  thickness,  and  the  ring  therefore  will  put 
on  the  appearance  of  a  band  of  light  passing  through  the  East  and 
West  points  and  the  zenith.  As  the  observer,  however,  increases 
his  latitude  either  North  or  South,  the  surface  of  the  ring-system 
will  begin  to  be  seen,  and  it  will  gradually  widen,  as  in  fiEict  the 
observer  will  be  able  to  look  down  upon  it ;  but  as  it  increases 
in  width  it  will  also  increase  its  distance  from  the  zenith,  until 
in  lat.  63*'  it  is  lost  below  the  horizon,  and  between  this  latitude 
and  the  poles  it  is  altogether  invisible.  Now  the  plane  of  the 
rings  always  remains  parallel  to  itself,  and  twice  in  Saturn's 
year — ^that  is,  in  two  opposite  points  of  the  planet's  orbit — it 
passes  through  the  Sun.  It  follows,  therefore,  that  during  one- 
half  of  the  revolution  of  the  planet  one  surface  of  the  rings  is  lit 
up,  and  during  the  remaining  period  the  other  surface.  At  night, 
therefore,  in  one  case,  the  ring-system  will  be  seen  as  an  illumin- 
ated arch,  with  the  shadow  of  the  planet  passing  over  it,  like  the 
hour-hand  over  a  dial ;  and  in  the  other,  if  it  be  not  lit  up  by 
the  light  reflected  from  the  planet,  its  position  will  only  be 
indicated  by  the  entire  absence  of  stars. 

"  But  if  the  rings  eclipse  the  stars  at  night,  they  can  also  eclipse 
the  Sun  by  day.  In  latitude  40^  we  have  morning  and  evening 
eclipses  for  more  than  a  year,  gradually  extending  until  the  Sun 
is  eclipsed  during  the  whole  day — that  is,  when  its  apparent 
path  lies  entirely  in  the  region  covered  by  the  ring ;  and  these 
total  eclipses  continue  for  nearly  7  years:  eclipses  of  one 
kind  or  another  taking  place  for  8  years  292  days.  This  will 
give  us  an  idea  how  largely  the  apparent  phenomena  of  the 

*•  Elemeuiartf  Lessons  in  Astronomy,  p.  117. 
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heavens,  and  the  actual  conditions  as  to  climates  and  seasons, 
are  influenced  by  the  presence  of  the  ring." 

The  only  physical  fact  which  has  been  discovered  in  relation 
to  the  satellites  of  Saturn  concerns  lapetus.  Cassini  lost  that 
satellite  soon  after  its  discovery,  but  a  larger  telescope  enabled 
him  to  find  it  again,  and  moreover  to  ascertain  that  it  was 
subject  to  considerable  variations  of  brilliancy.  Sir  W.  Herschel, 
with  a  view  of  establishing  this  fact  beyond  doubt,  paid  much 

Fig.  131. 


THE   APPARENT   ORBITS  OF  THE  SEYSN  INNER  SATELLITES  OF  SATURN   TO  FACILITATE 

THEIR  IDENTIFICATION   (1888). 


•  « 


The  date  of  TUan*s  Eatiem  EtcngaUon  being  kno¥m  (=  oX  it  wiU  on  nibtequent  <fai»  be 
fouttd  in  the  potUions  corruponding  to  the  daily  intervals  marked  on  the  diagram. 


attention  to  lapetus.  He  was  able  to  confirm  Cassini's  opinion, 
and  decided  that  it  actually  did  experience  a  considerable  loss  of 
light  when  traversing  the  Eastern  half  of  its  orbit.  He  found 
that  7*^  past  Opposition  was  the  place  of  minimum  light.  The 
conclusions  deducible  from  this  are  (as  Cassini  himself  pointed 
out),  that  the  satellite  rotates  once  on  its  axis  in  the  same  time 
that  it  performs  one  revolution  round  its  primary;  and  that  there 
are  portions  of  its  surface  which  are  almost  entirely  incapable  of 
reflecting  the  rays  of  the  Sun. 

The  mass  of  Saturn  has  been  given  at  i^^Vr  ^7  Newton ;  at 
Wtv^Y  Laplace ;  at  ^^r?  ^7  Bouvard ;  and  at  ut^-t  by  Bessel. 
Jacob  thought  from  his  own  observations  that  the  mass  of  the 
whole  Satumian  system  did  not  differ  much  from  ^xVif-  The 
most  recent  value  is  A.  Hall's,  u^Vf* 
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"  The  most  ancient  observation  of  Saturn  which  has  descended 
to  U8  was  made  by  the  Chaldseans,  probably  at  Babylon,  in  the 
year  519  of  Nabonassar's  period,  on  the  14th  of  the  month  TyU^ 
in  the  evening;  when  the  planet  was  observed  to  be  2  digits 
below  the  star  in  the  Southern  wing  of  Virgo,  known  to  us  as 
y  Virginis.  The  date  given  by  Ptolemy,  who  reports  this  observa- 
tion in  his  Almagest  [lib.  xi.],  answers  to  B.C.  228,  March  1°.'* 

An  occultation  of  this  planet  by  the  Moon  is  recorded  to  have 
been  observed  by  one  Thius,  at  Athens,  on  Feb.  21,  503  a.d. 

Cassini  observed  in  1692  the  occultation  of  a  star  by  Saturn's 
satellite  Titan.    No  other  instance  of  this  kind  is  on  record. 

From  Saturn  the  Sun  appears  only  about  3^  in  diameter,  and 
the  greatest  elongations  of  the  planets  are:  Mercury,  2""  19^; 
Venus,  4**  21';  Earth,  6°  i';  Mars,  9°  11';  Jupiter,  33®  3' — so 
that  a  Satumian,  assuming  his  visual  powers  to  resemble  ours, 
can  only  see  Jupiter,  Uranus,  and  Neptune  with  the  naked  eye, 
and  Mars  perhaps  with  some  optical  aid.  Saturn,  on  account  of 
its  slow  dreary  pace,  was  chosen  by  the  alchemists  as  the  symbol 
for  lead. 

In  computing  the  places  of  Saturn,  the  Tables  of  A.  Bouvard, 
published  in  1821,  were  long  used,  but  new  Tables  by  Le  Verrier 
have  superseded  them.  Tables  of  the  satellites  have  still  to  be 
formed,  and  are  a  great  desideratum. 

»  Hind,  Sol  S^tt.y  p.  117. 
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OHAPTEE    XIII. 

URANUS.    W 

Cireumttanees  conneeUd  loitk  its  discovery  hy  Sir  W,  Hersehel, — Names  proposed 

for  it, — Early  observations. — Period,  Ac, — Physical  appearance, — Belts  visible 

in  large  telescopes, — Position  of  its  axis, — Attended  by  4  Satellites. — Table  qf 

them. — Miscellaneous  information  coneeminy  them. — Mass  of  Uranus. — Tahles 

of  Uranus, 

ON  Maieh  13,  1781,  whilst  engaged  in  examining  some  small 
stars  in  the  vicinity  of  H  Qeminorum,  Sir  W.  Hersehel 
noticed  one  which  specially  attracted  his  attention :  and  desiroas 
of  knowing  more  about  it,  he  applied  to  his  telescope  higher 
magnifying  powers,  which  (in  contrast  to  their  effect  on  fixed 
stars)  he  foand  increased  the  apparent  diameter  of  the  object 
under  view  considerably;  this  circumstance  clearly  proving  its 
non-stellar  character.  Careful  observations  of  position  shewing 
it  to  be  in  motion  at  the  rate  of  2^'^  per  hour,  Hersehel  con- 
jectured it  to  be  a  comet,  and  made  an  announcement  to  that 
effect  to  the  Royal  Society  on  April  26*.  Four  days  after  its 
first  discovery  it  was  observed  by  Maskelyne,  then  Astronomer 
Royal,  who  seems  to  have  suspected  at  the  time  its  planetary 
character,  and  in  the  course  of  the  following  2  or  3  months  it 
received  the  attention  of  all  the  leading  observers  of  Europe.  So 
soon  as  sufficient  observations  were  accumulated,  attempts  were 
made  by  various  calculators  to  assign  parabolic  elements  for  the 
orbit  of  the  new  body ;  though  but  little  success  attended  their 
efforts.  It  was  found  that  although  a  parabola  might  be  obtained 
which  would  represent  with  tolerable  accuracy  a  limited  number 

*  Phil.  Trans.,  vol.  bud.  p.  49a.   1781. 
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of  observations,  yet  a  larger  range  always  revealed  discrepancies 
which  defied  all  endeavours  to  reconcile  them  with  positions 
assigned  on  any  parabolic  hypothesis.  The  final  determination 
was  only  arrived  at  step  by  step,  and  to  Lexell  must  be  ascribed 
the  credit  of  first  announcing,  with  any  amount  of  authority, 
that  the  stranger  revolved  round  the  Sun  in  a  nearly  circular 
orbit,  and  that  it  was  a  planet  and  not  a  comet ;  though  priority 
for  this  honour  has  been  contested  on  behalf  of  Laplace. 

The  question  of  a  name  for  the  new  planet  was  the  next 
subject  of  debate.  Herschel  himself,  in  compliment  to  his 
sovereign  and  patron  King  George  III,  proposed  that  it  should 
be  called  the  Georgium  Sidus ;  LaJande  or,  as  some  say,  Laplace 
suggested  the  personal  name  of  Herschel ;  but  neither  of  these 
gave  satisfaction  to  the  Continental  astronomers,  who  all  declared 
for  a  mythological  name  of  some  kind.  Prosperin  considered 
Neptune  appropriate,  on  the  ground  that  Saturn  would  then  be 
found  between  his  two  sons  Jupiter  and  Neptune.  Lichtenberg 
advanced  the  claims  of  A^traa,  the  goddess  of  justice,  who  fled  to 
the  confines  of  the  system.  Poinsinet  thought  that  as  Saturn 
and  Jupiter,  the  fathers  of  the  gods,  were  commemorated  astro- 
nomically, it  would  be  unpolite  longer  to  exclude  the  mother, 
Cybele.  Ultimately,  however,  Bode's  Uranus  prevailed  over  all 
others.  A  symbol  was  manufactured  out  of  the  initial  of  Her- 
scheVs  surname,  though  in  Germany,  at  the  instigation  of  Rohler, 
one  not  differing  much  from  that  of  Mars  was  adopted. 

It  soon  became  a  matter  of  inquiry  whether  the  new  planet 
had  ever  been  seen  before,  and  here  may  be  brought  in  a  note 
of  Arago*s : — "  If  Herschel  had  directed  his  telescope  to  the  con- 
stellation Gemini  1 1  days  earlier  (that  is,  on  March  2  instead  of 
March  13),  the  proper  motion  of  Uranus  would  have  escaped  his 
observation,  for  on  the  2nd  the  planet  was  in  one  of  its  stationary 
points.  It  will  be  seen  by  this  remark  on  what  may  depend  the 
greatest  discoveries  in  astronomy  **."     A  careful  inspection  of  the 

^  On  thifl  remark  of  Arago's  Holden  motion.     Does  any  one  loppoie  that '  a 

■ayi: — ''This  is  an  entire  misconception,  new  and  singular  star'  like  this  would 

■inoe  the  new  planet  was  detected  by  its  have  been  once  viewed  and  then  for- 

phyiical    appearance    and    nut    by    its  gotten?"     {Life  of  W.  ffertchel,  p.  ^g.) 

R  2 
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lihnT¥  of  fuiact  aaroBCBKR  shpv«d  tkas  Cniiiis  had  been  ob- 


h-.  bjr  FhMnrfifii*^in  169c.  on  I>e«.  13:  in  1712.  on  March 
22;  in  171S  OA  P^  ^i*  ^^  ^7-  ^'^^  Apnl  18  fall  as.):  by 
Bndkj  in  174^  on  Oct.  21 :  in  1750.  en  Sef«.  13.  and  in  1753, 
on  I>ec.  3 ;  by  Mayer  in  175&  on  SepL  25 :  and  by  Le  Monnier 
no  IcBdnui  12  tones — in  173a  on  Occ  14  and  Dee.  3:  in  1764, 
on  Jan.  15:  in  17M.  on  I>ec.  27  and  3c :  in  17^9.  on  Jan.  i>  16, 
2Q,  21.  22  and  2y.  and  in  1771.  on  DecL  18.  Had  Le  Mfinnier 
been  a  nan  of  mtier  and  mediDd  it  ean  scazt«ly  he  donbtod  thai 
he  woold  ha^e  anticipated  Sr  W.  Hersebel  Aia^  i>MoIleeted 
to  ha^e  been  shevn  by  BoaTax^i  one  of  Le  Monnier's  oliwiiations 
of  the  planet  wiitien  on  a  paper  bag.  which  or^finaSy  oontnined 
hair-povder  pnrchaaed  at  a  pcs^Vraier's ! 

It  win  leadihr  be  understcxd  thit  thesie  earir  obMrralions 
have  been  of  grcnt  service  to  fompaters^  inasanch  as  they  have 
been  enabled  to  deteraiine  the  elements  ct  the  planet's  orbit  with 
greater  nocnaey  than  they  ecwdd  otherwise  have  done  amply  by 
the  aid  of  mcMkm  obfeiei  nations. 

UianiB  lerolTes  roond  the  Sun  in  30.685*7  days^  or  imther 
more  than  S4  of  our  yearsL  at  a  mean  distance  cif  1.781.944.000 
milesL  Tlie  eeeenlucit%  <^  its  oibit.  wbidi  amonnts  tio  004667 
(nther  leas  than  that  of  Jnph4erV  may  caa»  this  to  extend  to 
1^5^07.000  nulesw  ix  xo  fdl  to  i.6y8.7Si,occ  miles.  Tlie 
apparent  djimetfr  oi  Uianns  varies  bnt  sligbtly.  as  ^een  irom  the 
Eaiih :  and  its  mean  Taloe  is  aK>m  3*4".  •  Seeli£>er.  S^^i" : 
^'^I^^^^^^'^^  3^96.*^  ^'^  '^  diam^^r  is  aK^m  31,000  miles. 
So-  W.  Herschel  saw  the  planet's  omfine  snvcighr  elHptieal 
in  1792  and  1794,  after  haTii^  noted  it  to  be  roimd  in  1782. 
Madia- at  Doqiatin  1842  and  1S43  measniYdtheellipikatytobe 
^^  or  )\.  Ango  however  pointed  out  that  a  pcilmr  compression 
may  exist  bat  nc<t  always  be  visible,  befan<te  a  spheroid,  when 
viewed  in  the  direction  of  hs  axis,  will  necesssaiily  presient  a  tmly 


ft  rfiiiii'w  «C  Feb.  12.  1715.  sod 
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circular  outline,  and  this  seems  both  the  proper  and  a  sufficient 
way  of  reconciling  discordances  on  the  subject  which  have  been 
noted.  Buffham  on  Jan.  25,  1870,  thought  that  the  eUipticity 
was  "  obvious^."  Safarik  after  many  observations  between  1877 
and  1883  considered  the  ellipticity  to  be  "  striking  *'  and  there- 
fore in  fact  "  considerable  ^"  Prof.  C.  A.  Young  in  1883 
measured  the  planet  on  several  occasions  and  obtained  an  ellip- 
ticity of  ^.  He  considers  that  there  can  be  no  '*  reasonable  doubt 
that  the  planet's  disc  is  considerably  flattened,  its  equator  lying 
sensibly  in  the  same  plane  with  the  satellite-orbits  ^"  Schia- 
parelU  too  in  1884  obtained  as  he  thought  clear  proofs  of  an 
ellipticity  of  ^^.  But  the  measures  of  Seeliger  at  Munich  and 
Millosevioh  at  Rome  in  1883  negative  the  idea. 

It  has  been  calculated  that  the  amount  of  light  received  by 
Uranus  firom  the  Sun  is  equal  to  about  the  quantity  which  would 
be  afforded  by  300  Full  Moons.  The  inhabitants  of  Uranus  can 
see  Saturn,  and  perhaps  Jupiter,  but  none  of  the  planets  included 
within  the  orbit  of  the  latter. 

The  physical  appearance  of  Uranus  may  be  disposed  of  in  a  few 
words.  Its  disc  is  commonly  considered  to  be  uniformly  bright, 
bluish  in  tinge  and  without  spots  or  belts.  Yet  both  Lassell  and 
Buffham  have  fancied  they  have  seen  traces  of  an  equatorial  belt 
and  of  inequalities  of  brilliancy  on  the  planet's  surface.  Writing 
in  1883  Prof.  C.  A.  Young  says: — "  Whenever  the  seeing  was 
good  2  belts  were  always  faintly  but  unmistakeably  visible  on 
each  side  of  the  equator  much  like  the  belts  of  Saturn.  On  one 
or  two  occasions  other  belts  were  suspected  near  the  poles*.'* 
SchiapareUi  too  with  an  8-inch  refractor  has  detected  faint  spots 
and  differences  of  colour  on  the  disc  of  Uranus.  The  period  of 
axial  rotation  is  unknown,  but  analogy  ^  leads  us  to  suppose  that 
it  does  not  differ  materially  from  that  of  Jupiter  or  Saturn. 
Buffham  has  ventured  on  a  conjecture  that  some  indications  of 

'  Month.   Not.f    vol.   xxxiii.   p.  164.  '  Observatory ^  vol.  vi.  p.  331.    Nov. 

Jan.  1873.  1883. 

•  Att,  Nack.,  vol.  cv.  No.  2505.  Ap.  «  Obteroalory,  vol.  vi.  p.  331.    Nov. 

14,  1883.     Observatory f  vol.  vi.  p.  183.       1883. 
Jane,  1 883.  *»  See  p.  68,  ante. 
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spots  seen  by  him  imply  a  Rotation-period  of  u".  Sir  W. 
Herachel  once  fancied  ho  had  seen  traces  of  a  ring  or  rings,  but 
the  observation  was  not  confirmed  by  himself,  nor  has  it  been  by 
others  since.  Uranus  ia  just  within  the  reach  of  the  naked  eye 
when  in  Opposition,  and  may  be  found  without  a  telescope  if  the 
observer  knows  its  precise  place'. 

The  direction  of  the  axis  of  Umnus  was  supposed  by  Sir  W. 
Hersche]  to  bo  such  that  if  prolonged  it  would  at  ea«h  end  meet 
the  plajiet's  orbit.  In  consequence  of  this  "  the  Sun  turns  in  a 
spiral  form  round  the  whole  planet,  so  that  even  the  two  poles 
sometimes  have  that  luminary  in  their  zenith''."  Buff  ham  very 
roughly  makes  the  inclination  of  the  axis  lo". 


MM.  Henry  of  Paris,  in  giving  the  accompanying  sketch  of 
Uranus  as  seen  during  1884,  say  that  they  were  able  to  detect 
constantly  the  existence  of  %  belts,  straight  and  parallel  to  one 
another,  placed  almost  symmetrically  on  each  side  of  the  centre 


'  It  ia  »  Bomewb«t  BiBgnlM  ^t  lli»l 
Qm  Snimrae  meotion  eight  planets  :  the 
SuD,  Moon,  Mercury,  Vcnnn,  Mirs,  Jn- 
pitcr,  Saturn,  and  Rakit,  whicb  Utter  is 
in»irible.  •'  An  admirer  of  Oriental  lite- 
rature,"  BKji   Buohanas,  "  would  here 


diiicover  the  Geurginm  Sidiia,  and  atrip 
the  illnBtrioDB  Hecschel  of  hie  recent 
bonoura." 

'  Sir  W.  Heischel,  quoted  in  Bmyth'a 
Cgcle,  vol.  i.  p.  105. 
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of  the  planet.  Between  these  2  belts  there  was  discernible  a 
fairly  bright  zone,  which  seemingly  corresponded  to  the  equatorial 
region  of  the  planet.  The  2  poles  were  darkish ;  however,  the 
upper  pole  in  the  engraving  always  appeared  brighter  than  the 
lower.  They  also  found  as  the  result  of  a  great  number  of 
measures  that  the  direction  of  the  belts  did  not  coincide  with 
the  major  axis«of  the  apparent  orbit  of  the  satellites,  but  formed 
with  it  an  angle  of  40°,  so  that  the  position-angles  observed 
were  56""  for  the  belts  and  id""  for  the  major  axis  at  the  same 
epoch.  MM.  Henry  suggest  that  in  supposing,  as  it  seems 
reasonable  to  do,  that  the  belts  of  Uranus  are  parallel  to  its 
equator,  and  remembering  that  the  latitude  of  the  Earth  above 
the  plane  of  the  orbit  of  the  satellites  when  the  observations 
were  made  was  about  9'',  there  follows  the  result  that  the  angle 
between  the  plane  of  the  equator  of  Uranus  and  the  plane  of  the 
orbits  of  the  satellites  is  about  41°. 

Uranus  is  attended  by  at  least  4  satellites,  2  of  which  were 
discovered  by  Sir  W.  Herschel,  and  2  by  recent  observers  ^ 
Such  is  their  extreme  minuteness  that  only  the  very  largest 
telescopes  will  shew  them,  and  for  this  reason  our  knowledge  of 
them  is  very  limited.  Their  chief  peculiarity  is  the  inclination  of 
their  orbits,  which  for  direct  motion  amounts  to  +  98"" ;  in  other 
words,  their  Urani-centric  motion  is  retrograde,  the  planes  of  the 
orbits  lying  nearly  perpendicular  (i8o°— 98°=  82°)  to  the 
planet's  ecliptic.  The  satellites,  as  Sir  W.  Herschel  remarked, 
describe  the  Northern  halves  of  their  orbits,  included  between 
the  ascending  and  descending  nodes,  in  virtue  of  movements 
directed  from  E.  to  W. 

Sir  J.  Herschel  pointed  out  a  test  by  which  asti'onomers  can 
ascertain  whether  their  instruments  are  sufficiently  powerful  and 
their  sight  sufficiently  delicate  to  undertake  with  any  reason- 
able hope  of  success  a  search  for  these  satellites.  Between  the 
stars  i3^  and  /3^  Capricorni,  about  the  middle  of  the  interval  in 

1  Sir  W.  Herschel  thought  that  he  had  that  Henchel's  concluBions  must  have 

discovered  6  satellites,  which  with  the  2  been  based  on  some  misapprehension : 

discovered  by  Lassell  and  Strove  would  that  is  to  say,  that  he  mistook  small  stars 

make  a  total  of  8  ;  but  it  is  now  accepted  for  satellites. 
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R.  A.  and  slightly  to  the  N.,  there  is  a  double  star  whose  com- 
ponentB  are  of  tnagB.  i6  and  17  [=13  &nd  15-6  of  Argelander's 
magnitudes],  and  3"  apart.  No  instrument  incapable  of  shewing 
these  two  stars  is  suitable  for  obBerring  the  satellites  of  Uranus. 
In  fact  Sir  John  remarked  that  in  comparison  with  the  Uranian 
satellites  these  two  stars  are  "splendid  objects"." 

Under  these  circumstancea  I  shall  be  pardoned  if  I  omit  the 
details  of  the  observations  made  by  Sir  William  Herschel ",  his 
Bon",  Lamonti*,  0.  Struve,  and  Laaselli,  more  especially  as  the 
sabstauce  of  them  has  been  reproduced  by  Hind'  and  Arago  *. 
Suffice  it  then  to  remark  that,  according  to  Lassell,  Ariel  and 
Umbriel  are  of  nearly  equal  brightness,  whilst  lltania  and 
Oberon  are  both  much  brighter  than  the  2  innermost  sat«llites. 

Under  date  of  Jan.  11,  185^,  LaaaelleaXd  Ae  tim»  fully  permaded 
tkat  eitker  Uranus  ha»  no  other  talelHtet  than  these  4,  or  if  U  kat, 
tkey  remain  get  lo  he  discovered ;  but  the 
assnmption  of  8  sateUitee  was  accepted 
by  Arago  and  other  influential  astron- 
omers. Lasaell,  writing  in  1 864  from 
Malta,  OD  the  occasion  of  his  second 
visit,  reiterated  his  former  statement. 

It  was  found  by  Sir  W.  Herschel 
that  the  satellites  disappeared  when 
within  a  short  distance  (J'  or  there- 
abouts) of  the  planet.  This  occurred 
whichever  was  the  side  of  the  planet 
on  which  the  satellites  happened  to  be,  thus  negativing  the 
poasibility  of  the  phenomenon  being  due  to  an  atmosphere  on 
Uranus ;  and  Sir  William  was  led  to  assume  that  it  was  merely 
an  effect  of  contrast — the  comparatively  great  lustre  of  the  planet 
overpowering  the  feeble  glimmer  of  the  satellites. 

■  atcdbjAngoin  Pop.  vljf.,  toI.  ii.  "  Mem.  B.A  S.,  vol.  li.  p.  51.  1840. 
p.  6*8,  Eng.  ed.,  uid  by  Smjth,  Ctlett.  ^  Month.  Sot.,  vol,  yiii.  p.  44,  Jul 
Cyett,  vol.  ii.  p.  475.  1848;  vol.  lii.  p.  iji,  Much  iSjij  vol. 

■  PkH.Trant.,nA.\TX-f^.p.  135,1787;  riii.  p.  148,  Much  1853.  JrnLR.A.S., 
Tol.  IxxTiii.  p.  364,  17S8 ;  vol.  Ixixviii.  vol.  i^iivi.  p.  34,  1S67. 

p.  47,  1798  J    »ol.OV.  p.   193,181s.  '   So/.  5)F»f.,  p.  HI. 

*  Mtm.  ILAjS.,  vol.  viii.  p.  1.  1835.  •  Pop.  Att.,  vol.  ii.  p.  693. 
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Hind,  from  Lasaell's  obaervations  at  Malta  in  1 853,  has  deduced 
tlie  following  elements : — 


in.  TiTAsiA. 

B>diiu  of  oibit  at  the  memo  diituoe  of  V  . . 

.     ii-W  -  188.000  imlCT. 

"6S°>S' 

100=34' 

IV.  Obkboh. 

Bcdin*  of  ottat  >t  the  mon  dutuice  of  I^  . 

..     4510"  =  384,000  milei. 

..   i6s°j8' 

100"  34' 

From  the  distance  of  Titania  the  same  computer  obtained  bdJbt 
as  the  mass  of  Uranus,  Oberon  indicating  ,j,ix^  '<  resulta  fairly 


in  accord  with  those  of  other  observers,  when  the  difficulties  in 
obtaining  dataaro  considered.  Encke's  value  was yi-j^r'  Lament's 
iiiiFi.  Madler's  titifj  A.  Hall's  i,in,  Adams's  ,  iS^^,  Littrow's 
¥Tiire>  *°<^  Bouvard's  Tiirs*  Bouvard'a  value  is  now  very 
generally  rejected  as  excessive. 

In  computing  the  places  of  Uranus  the  Tables  of  A.  Bouvard, 
published  in  1821,  were  used  up  to  quite  a  recent  date.  From 
what  appears  in  the  following  chapter  it  will  be  evident  that  they 
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were  susceptible  of  material  improvement,  and  they  have  now 
given  place  to  those  completed  in  1872  by  an  American  astro- 
nomer, Professor  S.  Newcomb,  as  to  which  it  may  be  observed 
that  they  do  not  countenance  the  idea  that  there  exists  a  trans- 
Neptonian  planet.  Newcomb  has  also  framed  Tables  of  the 
Satellites  of  Uranus  ^ 

'  Waahingtfm  Obt.,  1873,  Appendix  I. 
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and  Le  Terrier, — Teletcopie  labours  of  Challis  and  Oalle. — The  perturbations 
of  Uramue  by  Neptune. — Statement  of  these  perturbations  by  Adams. — Period^ 
Ac, — Attended  by  i  Satellite. — Elements  of  its  orbit. — M(us  of  Neptune. — 
Observaiione  by  Lalande  in  1 795. 


MORE  than  half  a  century  ago  an  able  French  astronomer, 
M.  Alexis  Bouvard,  applied  himself  to  the  task  of  making 
a  refined  investigation  of  the  motion  of  Uranus,  in  order  to 
prepare  Tables  of  the  planet.  He  had  at  his  disposal  the  various 
observations  by  Flamsteed  and  others,  made  prior  to  the  direct 
optical  discovery  of  Uranus,  and  those  made  by  various  astro- 
nomers subsequent  to  that  event  in  178 1.  In  working  these  up 
he  found  himself  able  to  assign  an  ellipse  harmonising  with  the 
first  series,  and  also  one  harmonising  with  the  second  ;  but  by  no 
possibility  could  he  obtain  an  orbit  reconcileable  with  both.  As 
the  less  objectionable  alternative,  Bouvard  decided  to  reject  all  the 
early  observations  and  to  confine  his  attention  solely  to  those 
more  recent  ^  In  this  way  he  produced,  in  1821,  Tables  of  the 
planet,  fairly  representing  its  motion  in  the  heavens.  This 
agreement,  however,  was  not  of  long  duration,  and  a  few  years 


*  Many  French  writers  deal  with  the 
difloovery  of  Neptune  in  a  way  that  is  not 
fair.  Nothing  is  more  common  than  to 
meet  with  a  narrative  of  the  incident 
either  without  any  mention,  direct  or  in- 
direct, of  Mr,  J,  C,  Adams,  or  with  some 
casual  remark  more  or  less  implying  that 
the  English  version  is  a  trumped-up  story 
due  to  national  jealousy,  and  only  in- 


tended to  rob  a  deserving  Frenchman  of 
his  share  in  the  honours.  Science  ought 
to  be  international,  and  to  rise  above 
such  petty  insinuations. 

^  A  memorable  illustration  of  the  folly 
and  impolicy  of  rejecting  any  observation, 
merely  because  it  opposes — or  seems  to 
oppose — a  prc-oonceived  theory. 
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only  elapsed  before  discordances  appeared  of  too  marked  a 
character  to  be  possibly  due  to  any  legitimate  error  in  the  Tables : 
constructed  in  the  form  in  which  they  existed  it  was  evident 
that  they  were  defective  in  principle.  Bouvard  himself,  who 
died  in  1840,  seems  to  have  fancied  that  an  exterior  planet  was 
alone  the  cause  of  the  irregulajities  existing  in  the  motion  of 
Uranus,  and  the  Rev.  T.  Hussey  was  led  to  assert  this  in  decided 
terms  in  a  letter  to  Airy  in  1834.  This  conviction  soon  forced 
itself  on  astronomers  ^,  and  amongst  others  on  Valz,  Madler,  and 
Bessel.  Bessel,  it  would  seem,  entertained  the  intention  of  mathe- 
matically inquiring  into  the  matter,  but  was  prevented  by  an 
illness,  which  eventually  proved  fatal. 

Mr.  J.  C.  Adams,  whilst  a  student  at  St.  John's  College,  Cam- 
bridge, resolved  to  attack  the  question,  and,  as  he  found  sub- 
sequently, entered  a  memorandum  to  this  effect  in  his  diary  under 
the  date  of  July  3,  1841,  but  it  was  not  till  January  1843  that  he 
found  himself  with  sufficient  leisure  to  commence.  He  worked 
in  retirement  at  the  hypothesis  of  an  exterior  planet  for  1 1  years, 
and  in  Oct.  1845  forwarded  to  Airy  some  provisional  elements 
for  one  revolving  round  the  Sun  at  sul;h  a  distance  and  of  such 
a  mass  as  he  thought  would  account  for  the  observed  pertur- 
bations of  Uranus.  This  was  virtually  the  solution  of  the 
problem  in  a  theoretical  point  of  view,  and  it  is  much  to  bo 
regretted  that  neither  the  result  nor  any  of  the  circumstances 
attending  it  were  made  public  at  the  time. 

In  the  summer  of  1 845,  Le  Verrier,  of  Paris,  turned  his  atten- 
tion to  the  anomalous  movements  of  Uranus,  and  in  the  November 
of  that  year  published  his  first  memoir  to  prove  that  they  did 
not  depend  solely  on  Jupiter  and  Saturn.  In  June  1846  the 
French  astronomer  published  his  second  memoir  to  prove  that 
an  exterior  planet  was  the  cause  of  the  residual  disturbance.     He 

<  As  far  back  m  October  25, 1800,  La-  This  statement  is  r^pated  to  depend  on  a 

lande  and  Borckhardt  came  to  the  con-  note  to  this  effect  fonnd  amongst  La]ande*s 

elusion  that  there    existed   an    unseen  papers    presented    to  the   Academy    of 

planet  beyond  Uranus,  and  they  occupied  Sciences  in  1 85  3,  but  I  am  not  acquainted 

themselves  in  trying  to  discover  its  posi-  with  any  other  authority  for  it. 
tion.  {Year  Book  of  Fads,  1852,  p.  282.) 
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assigned  elements  for  it,  as  Adams  had  done  8  months  previously. 
A  copy  of  the  memoir  reached  Airy  on  June  23,  and  finding 
how  closely  in  accord  Le  Verriers  hypothetical  elements  were 
with  those  of  Adams,  which  were  still  in  his  possession,  he  was 
so  impressed  with  the  value  of  both,  that  on  July  9  he  wrote  to 
Professor  ChaJlis  of  Cambridge  to  suggest  the  immediate  employ- 
ment of  the  large  "Northumberland''  telescope  in  a  search  for 
the  planet.  The  proposal  was  agreed  to,  and  on  July  11  a 
systematic  search  was  commenced.  ChaUis,  not  being  in  posses- 
sion of  the  Berlin  Star  Map  of  the  particular  locality  in  which  it 
was  supposed  that  the  looked-for  planet  would  be  found,  was 
forced  to  make  observations  for  the  formation  of  a  map  for 
himself ;  this  was  done,  but  much  valuable  time  was  occupied. 
When  matters  had  reached  this  stage  Sir  J.  Herschel  seized  an 
opportunity  which  happened  to  present  itself,  and  thus  addressed 
the  British  Association  at  Southampton  on  Sept.  10,  1846: — 
The  past  year  has  given  us  the  new  planet  Astrsea — "  it  has  done 
more — it  has  given  us  the  probable  prospect  of  the  discovery  of 
another.  We  see  it  as  Columbiis  saw  America  from  the  shores 
of  Spain.  Its  movements  have  been  felt,  trembling  along  the 
far-reaching  line  of  our  analysis,  with  a  certainty  hardly  inferior 
to  that  of  ocular  demonstration^."  The  Map  was  eventually  got 
ready,  but  it  was  not  till  Sept.  29  that  Professor  Challis  found  an 
object  whose  appearance  attracted  his  attention,  and  which  was 
subsequently  proved  to  be  the  new  planet  so  anxiously  sought. 
It  was  likewise  ascertained  afterwards  that  the  planet  had  been 
observed  for  a  star  on  Aug.  4  and  12,  and  that  the  supposed  star 
of  Aug.  12  was  wanting  in  the  zone  of  July  30.  The  non- 
discovery  of  its  planetary  nature  on  Aug.  1 2  was  due  to  the  fact 
of  the  comparisons  not  having  been  carried  out  quite  soon 
enough;  a  pardonable  though  regrettable  circumstance.  It 
should  be  added  that  it  was  not  until  Oct.  i  that  Challis  heard 
of  Galle's  success  on  Sept.  23.    (See  jt?^*^.) 

In  August  Le  Verrier  published  a  third  memoir,  containing  re- 
vised elements,  in  which  particular  attention  was  paid  to  the 

^  AthenaufHf  Oct.  5,  1846,  p.  1019. 


Chap.  XIV.] 


Neptune, 


255 


probable  position  of  the  planet  in  the  heavens.  On  Sept.  23  a 
letter  from  him,  containing  a  summary  of  the  principal  points  of 
this  memoir,  was  received  by  Encke  of  Berlin,  whose  co-operation 
in  searching  telescopically  for  the  planet  was  requested.  The 
Berlin  observers  had  the  good  fortune  to  have  just  become  pos- 
sessed of  Bremiker's  Berlin  Star  Map  for  Hour  XXI.  of  R.A., 
which  embraces  that  part  of  the  heavens  in  which  both  Adams 
and  Le  Yerrier  expected  that  the  new  planet  would  be  found, 
and  resort  to  this  Map  was  suggested  by  D' Arrest,  then  a  young 
student  at  the  Berlin  Observatory.  On  turning  the  telescope 
towards  the  assumed  place,  Galle,  Encke's  assistant,  called  out 
the  visible  stars  one  by  one,  and  D'Arrest  checked  them  by  the 
Map.  After  a  wlule  Galle  saw  what  seemed  to  be  a  star  of  the 
8^  magnitude,  which  was  not  laid  down  on  the  Map.  Further 
observations  on  Sept.  24  placed  it  beyond  a  doubt  that  this 
8^  magnitude  star  was  in  reality  the  trans-Uranian  planet ;  a 
discovery,  the  announcement  of  which,  as  may  be  well  imagined, 
created  the  liveliest  sensation.  The  French  astronomers,  with 
Arago  at  their  head,  disputed  with  unseemly  violence  the  equal 
claims  of  Adams  to  participate  with  Le  Verrier  in  the  honours ;  but 
Airy,  then  Astronomer  Royal,  laid  before  the  Royal  Astronomical 
Society,  on  Nov.  13,  such  an  overwhelming  chain  of  evidence 
in  favour  of  our  distinguished  countryman's  exertions  as  seems 
to  all  impartial  minds  to  have  finally  settled  the  question  ^ 

The  intellectual  grandeur  of  this  discovery  will  be  best  ap- 
preciated, so  far  as  a  non-mathematical  reader  is  concerned,  by 
placing  in  juxtaposition  the  observed  longitude  of  the  new  planet 
when  telescopically  discovered,  and  the  computed  longitudes  of 
Adams  and  Le  Verrier. 


*  Hie  foregoing  is  a  very  bare  oatline 
of  the  cMe,  which  is  a  meet  interesting 
one.  Grant  {HUt,  Phyt,  AH.,  p.  165  et 
teq,)  gives  fall  particulars ;  and  reference 
may  also  be  made  to  Month.  Not.,  vol. 
vii.  p.  lai,  Nov.  1846;  Mem.  R.A.S., 
vol.  xvi.  p.  385,  1847 ;  Athen<Bumy  Oct. 
3,  1846;  Adm.  Smyth's  Speculum  Hart- 
weUiannm,  p.  405 ;  and  Sir  J.  Herschel's 
OutUne*  qf  Att.,  p.  533.    The  French 


case  will  be  found  stated  in  Arago*s  Pop. 
Att.y  vol.  ii.  p.  633  ;  the  English  trans- 
lator's notes  to  the  passage  are  very 
appropriate.  A  very  full  statement  of 
the  facts  of  the  case  from  a  quite  recent 
stand-point  will  be  found  in  an  obituary 
notice  of  Prof.  ChaUis,  in  Month,  Not, 
vol.  xliii.  p.  160.  Feb.  1883.  D* Arrest's 
share  in  the  work  will  be  found  explained 
in  Copernieits,  vol.  ii.  p.  63,  188 a. 
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Hbliocfntbic  Posit  losa. 

OUerred  by  Galle .. 

CnmpatBd  by  AdmmB 

Oumpat«d  by  L«  Verrier   . 

Adsmg        A  C  -  O  =  +  a°  I 
Lo  Verrier  A  C  -  0  -  -  o"  ; 


From  this  it  will  be  seen  that  Le  Verrier's  computation  proved 
to  be  slightly  the  more  accurate  of  the  two,  a  fact  which  in  no 
respect  militates  against  the  equality  of  the  merits  of  the  two 
great  mathematicians. 

After  considerable  disciission  Neplttne  waa  the  name  agreed 
upon  for  the  new  planet; 
Galle's  ^ggestion  oiJanu* 
being  rejected  as  too  signi- 
ficant. 

"  Such,"  in  the  words  of 
Hind,  "  is  a  brief  biatory 
t)f  this  most  brilliant  dis- 
covery, the  grandest  of 
which  astronomy  can 
Ijoast,  and  one  that  is  des- 
tined to  a  perpetual  record 
in  the  annals  of  science — 
an  astonishing  proof  of  the 
power  of  the  human  intel- 
lect." 

The  accompanying  dia- 
gram shews  the  paths  of  Uranus  and  Neptune  from  1781  to  1K40, 
and  will  help  to  illustrate  the  direction  of  the  perturbing  action 
of  the  latter  planet  on  the  former. 

From  1781  to  1H23  it  will  be  evident,  from  the  direction  of  the 
arrows,  that  Neptune  tended  to  draw  Uranus  in  advance  of  itfi 
place  aa  computed  independently  of  exterior  perturbation, 

In  1822  the  two  planets  were  in  heliocentric  conjunction,  and 
the  only  effect  of  Neptune's  influence  was  to  draw  Urftpg.a, 
farther  from  the  Sun,  without  altering  its  longitude. 
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From  i8aa  to  1830  th«  effect  of  Neptune  was  to  destroy  the 
excess  of  longitude  accumulated  from  1781,  and  after  1830  the 
error  in  longitude  changed  its  sign,  and  for  some  years  subse- 
quently Uranus  was  retarded  by  Neptune;  having  by  1846 
fallen  12V  behind  its  place  as  predicted  from  Bouvard's  tables. 

Prof.  Adams  has  kindly  furnished  me '  with  the  following  ex- 
planatory comment  on  the  above  diagram  (Fig.  1 25) : — 

'*  The  arrows  rightly  represent  the  direction  of  the  force  with  which  Neptune  acts 
on  Uranos  taken  singly,  bat  the  diagram  does  not  represent  the  direction  of  the  disturb- 
ing force  which  Neptone  exerts  on  Uranus  relatively  to  the  Sun,  and  this  latter  force 
is  what  we  must  take  into  account  in  computing  the  planetary  perturbations.  To  find 
this  disturbing  force,  we  must  take  the  force  of  Neptune  on  the  Sun,  reverse  its 
direction,  and  then  compound  this  with  the  direct  force  of  Neptune  on  Uranus. 

"Thus  if  8  denote  the  Sun,  U  Uranus^  and  N  Neptune,  the  force  of  Neptune  on 

Uranus  will  be  in  the  direction  UN  and  will  be  proportional  to  riT^^J  An<l  the  force 

( UNy 

of  Neptnne  on  the  Sun  will  be  in  the  direction  SN  and  wiU  be  proportional  to 

.  ^jyv,  •     Hence    if   we    produce  NS,    if  Fig.  126. 

^   ^  (UN)^ 

neceasary,  to  F  and  take  iVK-  ^    ^  ,  the 

reversed  force  of  Neptune  on  the  Sun  will 

be  represented  by  NV,  provided  the  direct 

force  of  Neptune  on  Uranus  be  represented 

by   VN.     Hence   the   disturbing  force   of 

Neptune  on  Uranus  relatively  to  the  Sun  ^ 

will  be  represented  on  the  same  scale  in  ^^E  perturbation  of  dranus  by 

magnitude  and  direction  by  UV,  the  direc-  NBPTUNK. 

tion  being  indicated  by  the  arrow  in  the  _» 

figure,  and  the  magnitude  of  the  disturbing  force  being  proportional  to  • 

''  It  is  not  possible  to  state  the  effect  of  Neptune*s  action  on  the  motion  of  Uranus 
in  such  simple  terms  as  you  have  attempted  to  do,  since  it  is  necessary  to  take  into 
aocoont  the  action  of  Neptune  in  order  to  find  the  correct  elements  of  the  orbit  of 
Uranus,  and  consequently  the  corrections  of  the  assumed  elements  must  be  taken  as 
additional  unknown  quantities  which  must  be  determined  simultaneously  with  the 
perturbations  depending  on  Neptune." 

Neptune  revolves  round  the  Sun  in  60,126  days,  or  164*6  years, 
at  a  mean  distance  of  2,791,750,000  miles,  which  an  eccentricity 
of  0*0087  will  increase  to  2,816,094,000  miles,  or  diminish  to 
2,767406,000  miles.  The  apparent  diameter  of  Neptune  only 
varies  between  2-6"  and  2-8".     Its  true  diameter  is  about  37,200 

^  Private  letter  dated  Cambridge,  ftfay  8,  1884. 

s 
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miles — a  diameter  somewhat  greater  than  that  of  Uranus.  No 
polar  compression  is  perceptible. 

Neptune  is  destitute  of  visible  spots  and  belts,  and  at  present 
the  period  of  its  axial  rotation  is  unknown.  But  it  deserves  to 
be  stated  that  on  14  nights  in  November  and  December  1883 
Maxwell  Hall  in  Jamaica  observed  periodical  variations  in  the 
light  of  Neptune  which  he  thought  might  have  been  due  to  an 
axial  rotation  occupying  ^^  55™  1 2".  He  arrived  at  this  result 
after  finding  that  the  planet's  light  seemed  to  change  from  a 
maximum  star  mag.  of  ^\  to  a  minimum  of  8^  in  a  period  of 
something  under  4  hours  ^.  Lassell,  Challis,  and  Bond  at  various 
times  suspected  the  existence  of  a  ring  but  nothing  certain  is 
known  on  the  subject.  It  would  be  very  desirable  to  have  a  large 
reflector  like  Lord  Rosse's,  or  a  large  refractor  like  those  at  the 
Lick  and  Vienna  Observatories,  devoted  to  a  series  of  observations 
of  this  planet  and  Uranus,  for  it  is  nearly  certain  that  no  other 
existing  instruments  will  add  much  to  our  present  extremely 
limited  knowledge  of  the  physical  appearance  of  these  planets. 

Neptune  is  known  to  be  attended  by  only  one  satellite,  dis- 
covered by  Lassell  in  1846,  but  both  that  observer  and  the  late 
W.  C.  Bond  subsequently  imagined  that  they  had  obtained  traces 
of  the  existence  of  a  second. 

The  following  table  furnishes  all  the  information  we  at  present 
possess  about  Lassell's  confirmed  satellite  : — 

THE  SATELLITE  OF  NEPTUNE. 


I 

« 

DisooTerer. 
Lassell.  1846,  Oct.  10 

Mean  DiBtanoe. 

Apparent 
Star  mag- 
nitude. 

Max. 

Elong. 

Radii  of 
I2-00 

Miles. 

Sidereal  Period. 

223,000 

d.  h.  m. 
5  31  3 

d. 

5-88 

M 

18 

Changes  appear  to  be  in  progress  in  the  plane  of  the  orbit  of 
this  satellite  the  precise  nature  of  which  await  further  observa- 
tion and  explanation  ^. 

K  Month.  Not.y  vol.  xliv.  p.  357.     March  1884. 
^  Ohtervatorfff  vol.  xi.  p.  446.     Dec.  1888. 
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Hind  gives  the  following  elements' : — 

Epoch  iS.^i,  Nov.  o-o  G.  M.  T. 

Mean  uioduIj 1^3  31 

Pcii-Deptuniiun 177  30 

"75  40 

6    S-o'ojgHS 

S'8769''- 

The  elements  are  calculated  for  iVirtct  motion  ;  accordingly  it 
-will  be  noticed  that  the  actual  Neptunicentrtc  motion  of  the 
satellite  is  retrograile — a  circumstance  which,  except  in  the  case  of 
the  Uranian  satellites,  is  without  parallel  in  the  solar  system  as 
regards  either  planets  or  satellites;  though  there  are  many 
retroffrat/e  comets. 

Fig.  12S. 


The  mass  of  Neptune  has  been  variously  estimated  at  ^iftsf 
by  Safford  ;  at  „l  05  by  Bond ;  at  tboji  by  A.  Hall ;  at  rViirw 
by  Littrow;  at  ihthh  by  Peirce;  at^n^TT  by  Holden ;  at  i, J^re  by 
Hind,  from  a  combination  of  early  measures ;  at  ^jluji  by  Lassell 
and  Marth ;  at  tj^^j  by  Hind  from  LasseU's  Malta  measures; 
at  ixivf  ^y  *^-  Struve;  and  at  uJjj  by  Miidler. 

The  only  known  observations  of  Neptune  made  previously  to 
its  discovery  in  1H46  are  two  by  Lalande,  dated  May  8  and  10, 
1795,  and  one  by  Lament  of  Oct.  25,  1845.     Two  by  the  same 
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astronomer  on  Sept.  7  and  11,  1846,  were  probably  due  to  Le 
Verrier's  announcement  made  just  before,  and  therefore  are  not 
entitled  to  be  regarded  as  casual  ones. 

Owing  to  its  immense  distance  from  the  Sun,  only  Saturn  and 
Umnus  can  be  seen  from  Neptune.  Though  deprived  of  a  view 
of  the  principal  members  of  the  solar  system,  the  Neptunian 
astronomers,  if  there  be  any,  are  well  circumstanced  for  making 
observations  on  stellar  parallax ;  seeing  that  they  are  in  pos- 
session of  a  base-line  of  5,584,000,000  miles,  or  one  more  than 
30  times  the  length  of  that  to  which  we  are  restricted. 

Our  present  knowledge  of  the  movements  of  Neptune  is  de- 
rived from  the  investigations  of  the  late  S.  C.  Walker,  of  Phila- 
delphia, U.S.,  and  from  the  Tables  of  M.  Kowalski  and  Professor 
S.  Newcomb.  Newcomb  has  also  framed  Tables  of  the  satellite 
of  Neptune  \ 

The  question  of  a  possible  planet  beyond  Neptune  has  received 
some  attention,  but  whether  such  a  planet  exists,  and  whether 
we  are  ever  likely  to  see  it,  are  problems  towards  the  solution  of 
which  very  little  progress  has  yet  been  made  ^ 

The  question  of  the  existence  of  a  Trans-Neptunian  planet  has 
been  discussed  from  a  novel  stand-point  by  Flammarion.  He 
bases  his  conclusions  that  such  a  planet  does  exist  on  considera- 
tions connected  with  the  grouping  of  the  comets  whose  periodicity 
is  open  to  no  doubt.  He  seeks  to  show  that  all  the  4  major  planets 
beyond  Mars  have  seemingly  a  group  of  comets  associated  with 
them  in  some  way;  and  that  beyond  Neptune  there  is  a  group  of 
comets  to  influence  which  no  planet  is  yet  known  to  exist.  Hence 
his  conclusion  that  such  a  planet  does  exist  but  that  we  have  not 
yet  seen  it.  This  in  brief  is  Flammarion's  argument,  which  Ls 
worked  out  with  considerable  ingenuity  and  care,  but  with 
materials  borrowed,  without  acknowledgement,  from  others'". 

^   Washington  Oh».^  1873,  Appendix  I.  8vo.,  Washin^on,  U.S.,  1880;  Aat.  Nach., 

*  See    Prof.  G.  Forbes's  Comets  and  vol.   cxiii.   No.    2698,    Deq.    21,     1885. 

Ultra-Neptunian  Planets  j  also  a  paper  Todd's  search  extended  over  4  months 

by  D.  P.  Todd  of  the  American  Nautical  during  the  winter  of  1877-8. 

Almanac  Office  entitled  "Preliminary  ™  V Astronomies  voi.Wi.  ip.%\.  March 

account  of  a  speculative  and  practical  1884.     Forbes   seems  to  have  been  the 

search  for  a  Trans- Neptunian  planet,**  originator  of  this  theory. 
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GENERAL   OUTLINES. 

Definitions. — Position  of  the  Moons  orbit  in  relation  to  the  Earth's  orbit, — Con- 
sequences resulting  from  their  being  inclined  to  each  other, — Retrograde  motion 
of  the  nodes  of  the  Moon's  orbit, — Coincidence  of  22^  synodical  periods  with 
19  synodical  retolutions  of  the  node. — Known  as  the  **  Sarot," — Statement  of 
Diogene*  Laertius. — Illustration  of  the  use  of  the  Saros. — Number  of  Eclipses 
which  can  occur. — Solar  Eclipses  more  frequent  than  Lunar  ones. — Duration  of 
Annular  and  Total  Eclipses  of  the  Sun. 

THE  phenomena  which  ai^e  about  to  be  described  are  those 
which  result  from  the  interposition  of  some  one  celestial  body 
between  a  other  bodies,  the  Earth  in  any  case  being  one  of  the  3. 
We  know  well  that  inasmuch  as  most  of  the  heavenly  bodies  are  con- 
stantly in  motion,  the  direction  of  lines  drawn  from  one  to  another 
must  vary  from  time  to  time ;  and  it  must  occasionally  happen  that 
3  will  come  into  a  right  line.  "  When  one  of  the  extremes  of 
the  series  of  3  bodies  which  thus  assume  a  common  direction  is 
the  Sun,  the  intermediate  body  deprives  the  other  extreme  body, 

*  The  portions  of  this  Book  which  re-  eilition  by  my  friend  Mr.  A.  C.  Ranyard, 
Ute  to  Eclipses  of  the  Sun  have  been  facile  prineeps  in  this  department  of 
revised    and    much    extended   for    this       Astronomv. 
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either  wholly  or  partially,  of  the  illumination  which  it  habitually 
receives.  When  one  of  the  extremes  is  the  Earth,  the  inter- 
mediate body  intercepts,  wholly  or  partially,  the  other  extreme 
body  from  the  view  of  observers  situate  at  places  on  the  Earth 
which  are  in  the  common  line  of  direction,  and  the  intermediate 
body  is  seen  to  pass  over  the  other  extreme  body,  as  it  enters  upon 
or  leaves  the  common  line  of  direction.  The  phenomena  resulting 
from  such  contingencies  of  position  and  direction  are  variously 
denominated  Eclipses,  Transits^  and  Occultaiions,  according  to  the 
reUtive  apparent  magnitudes  of  the  interposing  and  obscured 
bodies,  and  according  to  the  circumstances  which  attend  them." 
We  will  proceed  to  consider  these  several  phenomena  in  detail 
beginning  with  Eclipses. 

Fig.  129. 


THSOBT  OF  A  TOTAL  E0UP8E  OF  THE  SUN. 


It  must  be  premised  that  the  Moon's  orbit  does  not  lie  in 
exactly  the  same  plane  as  the  Eai*th's,  but  is  inclined  thereto  at 
an  angle  which  varies  between  5^  20'  6"  and  4**  57'  2a",  and  for 
which  5°  8'  45''  may  be  taken  as  the  mean  value.  The  two  points 
where  its  path  intersects  the  ecliptic  are  called  the  Nodes,  and  the 
imaginary  line  joining  these  points  is  termed  the  Line  of  Nodes, 

Kg.  130. 


THIORT  OF  AK  AUKULAB  BCLIPSB  OF  THE  SUK. 

When  the  Moon  is  crossing  the  ecliptic  from  South  to  North,  it 
is  passing  its  Ascefiding  Node  (  8 ),  the  opposite  point  of  its  orbit 
being  its  Descending  Node  ( 3 ).  If  the  Moon  should  happen  to 
pass  through  either  node  at  or  near  the  time  of  conjunction,  or 
New  Moon,  it  will  necessarily  come  between  the  Earth  and  the 


Chap.  I.]  General  Outlines.  263 

Sun,  and  the  3  bodies  will  be  in  the  same  straight  line ;  it  will 
therefore  follow  that  to  certain  parts  of  the  Earth  the  Sun's  disc 
will  be  obscured,  wholly  or  partially  as  the  case  may  be :  this  is 
an  Eclipse  of  the  Sun,  In  the  figures  above,  S  represents  the  Sun, 
E  the  Earth,  and  M  the  Moon.  In  a  total  solar  eclipse  the  Moon's 
shadow  reaches  to  and  beyond  the  Earth's  surface,  the  Moon  being 
then  at  or  near  its  minimum  distance  from  the  Earth  (^'perigee  "). 
In  an  annular  eclipse  the  Moon's  shadow  falls  short  of  the  Earth, 
the  Moon  being  then  at  or  near  its  maximum  distance  from  the 
Earth  (*' apogee"). 

The  Earth  and  the  Moon,  being  opaque  bodies,  must  cast 
shadows  into  space ;  though  of  course,  owing  to  the  larger  size 
of  the  Earth,  its  shadow  is  much  the  larger  of  the  two.  If  the 
Moon  should  happen  to  pass  through  either  node  at  or  near 
the  time  of  Opposition,  or  Full  Moon,  it  will  be  again,  as  before, 
in  the  same  straight  line  with  the  Earth  and  the  Sun ;  but  the 
Moon  will  be  involved  in  the  shadow  of  the  Earth,  and  therefore 
will  be  deprived  of  the  Sun's  light ;  this  causes  an  Eclipse  of  lie 
Moan. 

Fig.  131. 


THEOKY  OF  AN  ECLIPSE  OF  THE  MOON. 


In  Fig.  131,  S  represents  the  Sun,  E  the  Earth,  and  m  %  the 
orbit  of  the  Moon :  that  the  Moon  becomes  involved  in  the  Earth's 
shadow  in  passing  from  m  to  n  is  obvious. 

If  the  orbits  of  the  Earth  and  the  Moon  were  in  the  same  plane, 
an  eclipse  would  happen  at  every  conjunction  and  opposition,  or 
about  25  times  a  year ;  but  as  such  is  not  the  case,  eclipses  are  of 
less  frequent  occurrence.  According  to  trustworthy  investiga- 
tions, in  order  that  an  eclipse  of  the  Sun  may  take  place,  the 
greatest  possible  distance  of  the  Sun  or  Moon  from  the  true  place 
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of  the  nodes  of  the  Moon's  orbit  is  i8°  36',  whilst  the  latitude  of 
the  Moon  must  not  exceed  i**  34'  52".  If,  however,  the  distance 
be  less  than  15°  19'  30",  and  the  latitude  less  than  1"  23'  15",  an 
eclipse  must  take  place,  though  between  these  limits  the  occurrence 
of  the  eclipse  at  any  station  is  doubtful,  and  depends  upon  the 
horizontal  parallaxes  and  apparent  semi-diameters  of  the  two 
bodies  at  the  moment  of  conjunction.  In  order  that  a  lunar 
eclipse  may  take  place,  the  remark  just  made  will  equally 
hold  good,  except  that  12°  24',  9°  23',  63'  45"  and  51'  57",  must 
be  substituted  for  the  quantities  given  above. 

The  nodes  of  the  Moon's  orbit  are  not  stationary,  but  have  a 
daily  retrograde  motion  of  3'  iO'64"  or  an  annual  one  of  1 9°  20'  1 9'7", 
so  that  a  complete  revolution  round  the  ecliptic  is  accomplished 
in  lirf  218*  21**  22™  46^  nearly.  The  Moon  performs  a  revolu- 
tion with  respect  to  the  node  in  27*^  5^  5™  36"  (27-21222222^). 
This  is  termed  a  "  nodical  revolution  of  the  Moon^"  and  must  not 
be  confounded  with  the  "  synodical  revolution  of  the  Moon."  It 
is  shorter  than  the  latter,  because  the  retrograde  motion  of  the 
node  upon  the  ecliptic  brings  the  Moon  into  contact  with  it 
before  she  comes  again  into  Conjunction  or  Opposition  as  the 
case  may  be. 

A  singular  eflFect  produced  by  the  retrocession  of  the  nodes  on 
the  ecliptic  must  now  be  refeiTed  to.  The  Moon's  synodical  period, 
or  the  time  which  she  occupies  in  passing  from  one  conjunction 
or  Opposition  to  another,  is  29**  12^  44"  2-87'»  (29-5305887215'^) ; 
223  of  these  periods  amount  to  6585-32 1"*  (18^  10^  ^^  43"*);  but 
19  revolutions  of  the  Sun  with  respect  to  the  lunar  node*'  (each 
of  346*620 1**)  are  completed  in  6585-782*^:  the  near  coincidence 
of  these  two  periods  produces  this  obvious  result ;  that  eclipses 


•»  Sometimes  the  Draconic  Period, 
^  If  the  lunar  nodes  were  immoveable 
the  Sun  would  return  to  the  same  posi- 
tions with  respect  to  them  every  terres- 
trial tropical  year ;  but  this  luni-nodical 
revolution  of  the  Sun,  if  such  an  expres- 
sion maybe  used,  is  less  than  the  tropical 
year  for  the  same  reason  that  the  nodical 
lunar  month  is  less  than  the  synodical 
one,  the  node  receding  to  meet  the  Sun 


instead  of  remaining  stationary.  Since 
the  lunar  nodes  travel  at  only  3'  10"  per 
day,  compared  with  the  Sun*8  ecliptic 
motion  of  59'  9^^,  it  follows  that  the  nodes 
require  i8*6<^  to  get  over  the  angular 
distance  which  the  Sun  does  in  i<^.  De- 
ducting then  iM^  from  365*242<'  (the 
mean  solar  year),  we  get  346-643^,  a8 
above,  for  the  period  of  the  Sun*8  return 
to  the  same  lunar  nodes. 
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recur  in  almost,  though  not  quite,  the  same  regular  order  after 
the  completion  of  19  synodical  revolutions  of  the  Moon's  node. 
The  difference  between  the  two  periods  is  0-46 1^  or  10^  49-6"™; 
during  which  time  the  Sun  describes  an  arc  of  28'  6"  relative  to 
the  lunar  node. 

These  coincidences  will  be  better  brought  out  by  the  figures 
being  placed  in  column,  thus : — 

d.  d. 

242  Draconic  Periods    (27-21222  x  242)  =  6585-35777. 
223  Lunations  (^9'5305^  x  223)  =  6585-31934. 

19  Returns  of  Sun  )  ,     ^  ^  .         ^00 

Some  trifling  discrepancies  in  the  last  column  compared  with 
the  i-esults  given  above  are  due  to  different  decimals  having  been 
employed  in  the  multiplication. 

It  was  probably  a  knowledge  of  these  facts  which  enabled  the 
ancient  astronomers  to  predict  the  occurrence  of  great  eclipses, 
since  it  is  quite  certain  that  they  did  so  in  more  than  one  instance 
before  the  nature  of  eclipses  was  fully  understood.  This  cycle 
was  known  to  the  Chaldseans  as  the  Saros  ^.  Diogenes  Laertius 
records  373  solar  and  832  lunar  eclipses  observed  in  Egypt;  and 
although  his  testimony  is  generally,  of  no  great  value,  yet  it  is  very 
singular  that  this  is  just  the  proportion  of  solar  and  lunar  eclipses 
visible  above  a  given  horizon  within  a  certain  period  of  time 
(1200-13CX)  years) — a  coincidence  which  cannot  be  accidental*. 

From  what  I  have  just  said   it   might   be   imagined  that  a 

correct  list  of  eclipses  for  1803  years  would  be  sufficient  for  all 

purposes  of  calculation ;  and  that  the  occuiTcnce  of  an  eclipse 

might  be  ascertained  in  advance  at  any  distance  of  time  by  the 

>  simple  process  of  addipg  so  many  ecliptic  periods  as  were  found 

*  See  Eng.  Cycl.^  art.  Saron.     It  ha^  and    Colleges ^    New     York,    1879,   PP- 

been  stated  that  the  Chaldeans  uned  a  180-4,     and     Newcomb's    Popular   At- 

triple  Saroa  of  541^  ^1^  as  more  correct  tronamy,  Lond.  ed.,  p-  29.     The  German 

for  parpoae  of  prediction  than  a  single  translation  of  this  latter  work  contains 

one.     For  a  good  deal  of  interesting  in-  still     further    and     better    part'culars. 

formation  respecting  matters  incidentally  (Trans,  by  Engelmann,  p.  a6.) 

oonneeted  with  the  Sarot^,  see  Newcomb  *  Hut.  of  A»t.y  L.U.K.,  p.  15. 
and   Holden*8   A^ironomtf  for    f^choolx 
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requisite.  This  would  be  nearly  correct  if  an  eclipse  appeared 
under  precisely  the  same  circumstances  as  the  one  in  the  pre- 
ceding or  following  period  corresponding  to  it :  but  such  is  not 
the  oase^  An  eclipse  of  the  Moon,  which  in  the  year  565  a.d. 
was  of  6  digits  »,  was  in  the  year  583  of  7  digits,  and  in  601  of 
nearly  8.  In  908  the  eclipse  became  total,  and  it  remained  so  for 
about  12  periods,  or  until  the  year  1088  :  this  eclipse  continued  to 
diminish  until  the  commencement  of  the  15th  century,  when  it 
totally  disappeai'ed  in  the  year  1413.  In  a  similar  manner  an 
eclipse  of  the  Sun,  which  appeared  at  the  North  Pole  in  June 
1295,  became  more  southerly  at  each  period.  On  Aug.  27,  1367, 
it  made  its  first  appearance  in  the  north  of  Europe ;  in  1439  it 
was  visible  all  over  Europe;  at  its  19***  appearance,  in  1 601,  it 
was  central  in  London ;  on  May  5,  181 8,  it  was  visible  at  London, 
and  was  again  nearly  central  at  that  place  on  May  15,  1836.  At 
its  39***  appearance,  August  10,  1980,  the  Moon's  shadow  will 
have  passed  the  equator,  and,  as  the  eclipse  will  take  place  near 
midnight,  it  will  be  invisible  in  Europe,  Africa,  and  Asia.  At 
every  subsequent  period  the  eclipse  will  go  more  and  more  towards 
the  south,  until,  finally,  at  its  78***  appearance  on  Sept.  30,  2665, 
it  will  go  off  at  the  South  Pole  of  the  Earth,  and  disappear 
altogether.  The  time  required  for  a  lunar  eclipse  to  go  through 
all  its  Saros  changes  (so  to  speak)  is  865  years.  A  similar  series 
of  solar  eclipses  will  last  much  longer,  or  about  1 200  years. 

In  the  18-year  eclipse  period,  there  usually  happen  70  eclipses, 
of  which  41  are  solar  and  29  are  lunai\     In  any  one  year  the 


'  Halley  found  that  if  thiB  period  were 
added  to  the  middle  of  any  eclipse,  the 
corresponding  one  might  be  predicted  to 
within  i^  30"^.  According  as  4  or  5  leap- 
years  intervene,  the  period  of  the  Saros 
will  be  i8y  lo*  &c.  or  18'  ii'*  Ac. 

>  A  digit  is  the  iV  Pi^i^  ^^  ^^®  diameter 
of  the  Sun  or  Moon ;  and  of  course  an 
eclipse  of  6  digits  will  be  understood  to 
be  one  in  which  ^  the  disc  of  the  luminary 
is  hidden.  In  the  case  of  a  lunar  eclipse, 
when  the  magnitude  is  said  to  exceed  i  a 
digits,  it  means  that  the  £arth*s  shadow 
extends  itself  so  many  digits  beyond  the 


Moon's  contour.  The  Companion  to  the 
Almanac  for  1833  contains  (p.  8)  some 
useful  memoranda  about  digits,  and  a 
description  of  the  path  of  .the  central 
line  at  different  periods  of  the  year. 
The  older  astronomers  treated  the  digit 
as  a  measure  of  surface  and  indicated  by 
its  use  that  iV  of  the  visible  area  of  the 
Sun,  or  Moon,  was  obscured,  not  -^  of  ite 
diameter ;  but  in  more  recent  times  the 
word  was  used  as  stated  at  the  beginning 
of  this  note.  It  is  now  however  quite 
obsolete  in  both  senses,  and  the  magnitude 
of  every  eclipse  is  expressed  decimally. 
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greatest  number  that  can  occur  18  7,  and  the  least  2:  in  the 
former  ease  5  of  them  may  be  solar,  and  2  lunar ;  in  the  latter 
both  mu9t  be  solar.  Under  no  circumstances  can  there  be  more 
than  3  lunar  eclipses  in  i  year,  and  in  some  years  there  are 
none  at  alL  Though  eclipses  of  the  Sun  are  more  numerous 
than  those  of  the  Moon  in  the  proportion  of  41  to  29  (say  of 
3  to  2),  yet  at  any  given  place  more  lunar  eclipses  are  visible 
than  solar :  because,  whilst  the  former  are  visible  over  an  entire 
hemisphere,  the  area  of  the  Earth  over  which  the  latter  are 
visible  is  in  the  case  of  total  or  annular  eclipses  a  narrow  strip, 
which  cannot  exceed  180  and  is  seldom  more  than  140  miles  or 
so  in  breadth.  In  the  case  of  partial  eclipses  of  the  Sun  however 
tiie  range  of  visibility  is,  it  is  true,  much  wider ;  for  at  every 
point  of  the  Earth  immeraed  in  the  penumbra  more  or  less  of  the 
eclipse  will  be  seen. 

In  a  solar  eclipse  the  Moon's  shadow  traverses  the  Earth  at  the 
rate  of  1830  miles  an  hour,  or  rather  more  than  half  a  mile  per 
second.  This  corresponds  to  30^  miles  per  minute;  Lalande's 
result  is  equivalent  to  33*1  miles. 

Du  S^jour  found  that,  counting  £rom  first  to  last,  a  solar  eclipse 
at  the  equator  may  last  4^  29°^  44',  and  that  at  the  latitude  of 
Parii  the  maximum  period  is  3**  26"  22",  but  that  the  interval 
of  time  during  which  the  Sun  will  be  centrally  eclipsed  is  very 
small.  The  duration  of  the  total  obscuration  is  greatest  when 
the  Moon  is  in  perigee  and  the  Sun  in  apogee ;  for  the  apparent 
diameter  of  the  Moon  being  then  the  greatest  possible,  while  that 
of  the  Sun  is  the  least  possible,  the  excess  of  the  former  over  the 
latter,  upon  which  the  totality  depends,  is  at  a  maximum.  Now 
Uie  perigean  diameter  of  the  Moon = 33'  3 1  '^ ;  the  apogean  diameter 
of  the  Sun =31'  30". 

£ii-ii  31   -31   30  =2  I  . 
This  then  is  theoretically  the  arc  which  has  to  be  described  by 

tiie  Moon  during  the  greatest  possible  continuance  of  the  total 

phase,  but  in  reality  the  ultimate  result  is  complicated  by  the 

Sun*s  apparent  motion  Eastward  and  the  Earth's  axial  rotation 

in  the  same  direction.     However,  taking  into  consideration  the 
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rapid  motion  of  the  Moon,  it  will  be  readily  understood  that,  under 
the  most  favourable  circumstances,  the  Sun  cannot  remain  totally' 
eclipsed  for  more  than  a  few  minutes. 

The  duration  of  the  obscuration  in  a  total  eclipse  of  the  Sun 
varies,  cicteris  paribus,  with  the  latitude  of  the  place  of  observation, 
and  is  greatest  under  the  equator.  Du  S^jour^  found  that,  under 
the  most  favourable  circumstances,  the  greatest  possible  duration 
of  the  total  phase  at  the  equator  was  7"  58",  and  that  at  the 
latitude  of  Paris  it  was  6"  i  o*. 

The  duration  of  an  annular  eclipse  is  greatest  when  the  Moon  is 
in  apogee  and  the  Sun  in  perigee,  for  then  the  apparent  diameter 
of  the  Sun  is  the  greatest,  whilst  that  of  the  Moon  is  the  least 
possible,  and  consequently  the  excess  of  the  former  over  the  latter 
(upon  w^hich  the  annulus  depends)  is  then  at  a  maximum. 

The  perigean  diameter  of  the  Sun  =  32'  35".  The  apogean 
diameter  of  the  Moon  =  29'  22'^ 

.'.     A=3/ 35^-29' 22"=3' 13". 

This  then  is  theoretically  the  arc  which  has  to  be  described  by 
the  Moon  during  the  greatest  possible  continuance  of  the  annular 
phase,  but,  as  before,  some  qualification  is  requisite  in  dealing  with 
the  facts  which  present  themselves.  Du  S^jour  found  that  under 
the  most  favourable  circumstances  the  gi-eatest  possible  dui-ation  of 
the  annular  phase  at  the  equator*  w^as  12™  24',  and  that  at  the 
latitude  of  Paris^  it  was  9"*  56«. 

It  may  be  desirable  briefly  to  point  out  the  reasons  why  the 
greatest  possible  duration  of  an  annular  eclipse  exceeds  that  of  a 
total  one.  They  are  2  in  number:  i"^  Because  the  excess  of  the 
perigean  diameter  of  the  Sun  over  the  apogean  diameter  of  the 
Moon  ( =  3'  1 3")  is  greater  than  the  excess  of  the  perigean  diameter 
of  the  Moon  over  the  apogean  diameter  of  the  Sun  (  =  2'  1''). 
2**^.  Because  the  motion  of  the  Moon  in  apogee  is  much  slower 
than  it  is  in  perigee. 

From  the  above  remarks  it  will  be  readily  understood  that 
though  so  many  solar  eclipses  happen  from  time  to  time,  yet 

*»  Mim.  Acad,  def  H^cirHres.  1777,  p.  318. 
'   Ibid.yp.  317.  ^  /A/W.,  p.  316. 
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the  occurrence  of  an  annular  or  total  one  at  any  particular 
locality  is  a  very  rare  phenomenon.  Thus,  according  to  Halley  \ 
no  total  eclipse  had  been  observed  at  London  between  March  20, 
1140,  and  April  22,  17 15  (o.  s.),  though  during  that  interval  the 
shadow  of  the  Moon  had  frequently  passed  over  other  parts  of 
Great  Britain". 

The  calculation  of  eclipses  is  a  matter  of  considerable  com- 
plexity. A  paper  by  Woolhouse,  in  the  supplement  to  the  Nautical 
Almanac  for  1836,  and  the  chapters  in  Loomis's  well-known  work**, 
may  be  named  as  the  best  guides  in  our  language^.  Much 
interesting  historical  matter  concerning  eclipses  will  be  found  in 
the  Rev.  S.  J.  Johnson's  Eclipses^  Pa^t  and  Present, 


'  Phil.  Trans. y  vol.  xxix.  p.  245.    1715. 

^  It  may  here  be  noted  that,  according 
to  recent  inveBligations  by  Hind,  the 
Total  solar' eclipse  of  Feb.  3,  1916,  will 
not  be  visible  as  such  in  England,  though 
a  statement  to  that  effect  may  occasion- 
ally be  met  with.  On  June  30,  1954, 
occurs  the  next  Total  eclipse  which  will 
be  visible  in  Great  Britain  ;  this  will  be 
seen  at  the  northernmost  of  the  Shetland 
Isles.  The  Eclipse  of  Aug.  11,  1999,  is 
the  next  that  will  be  visible  as  a  Total 
one  in  England  itself.  The  line  of  totality 
will  pass  across  Cornwall  and  Devonshire. 
Hind,  in  connection  with  the  calcula- 
tions from  which  these  particulars  were 


derived,  ascertained  that  the  eclipse  of 
1 140  was  not  centrally  visible  in  London. 
The  line  of  totality  crossed  the  Midland 
Counties,  and  did  not  approach  London 
nearer  than  Northamptonshire.  (See 
letters  by  Hind  inAat.  Reg.,  vol.  vii.  p.  87, 
April  1869,  and  vol.  ix.  p.  209,  Sept.  1871 ; 
also  a  paper  by  the  Rev.  S.  J.  J  ohnson  in 
Month,  Not.,  vol.  xxxii.  p.  332.     1872.) 

«»  Practical  Astronomy ,  pp.  226-90. 

o  It  is  recorded  by  Hittenhouse  that  in 
his  early  days  he  calculated  eclipses  on 
his  plough-handle.  For  a  brief  sketch 
of  the  career  of  this  *  self-made  *  man  (a 
pioneer  of  astronomy  in  America)  see 
Sid.  Mess.,  vol.  vii.  p.  433,  Dec.  1888. 
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CHAPTER    II. 


ECLIPSES    OF    THE    SUN. 

Orandewr  of  a  Total  Eclipse  of  the  Sun, — How  regarded  in  ancient  timet, — 
Effects  of  theprogreee  of  Science, — Indian  Custome. — Effect  on  Birds  at  Berlin 
in  1887. — Solar  Eclipeee  may  be  Partial,  Annular,  or  Total. — Chief  phenomena 
eeen  in  connexion  with  Total  Eclipses. — Change  in  the  colour  of  the  sky. — The 
obscurity  which  prevails, — Effect  noticed  by  Piola, — Physical  explanation. — 
Baily^s  Beads, — Extract  from  Baily*s  original  memoir. — Probably  due  to  vrra* 
diatian, — Supposed  to  have  been  first  noticed  by  Halley  ini'ji  5. — His  description. 
— The  Corona, — Hypothesis  advanced  to  explain  its  origin. — Probably  caused 
by  an  atmosphere  around  the  Sun. — Remarks  by  Grant. — First  alluded  to  by 
Philostratus. — Then  by  Plutarch, — Corona  visible  during  Annular  Eclipses, — 
The  Red  Flames, — Remarks  by  Dawes. — Physical  cause  unknown. — First 
mentioned  by  Stannyan. — Note  by  Ftamsteed. — Observations  of  Vassenius. — 
Aspect  presented  by  the  Moon. — Remarks  by  Arago. 

A  TOTAL  eclipse  of  the  Sun  is  a  most  imposing  spectacle, 
especially  when  viewed  from  the  summit  of  a  lofty  moun- 
tain, and  the  moon's  shadow  is  seen  sweeping  upward  from  the 
horizon  towards  the  observer  with  a  velocity  which  has  been  de- 
scribed as  perfectly  frightful.  Professor  Forbes,  who  observed 
the  total  eclipse  of  1842  from  the  Observatory  of  Turin,  was  so 
confounded  by  the  frightful  velocity  with  which  the  shadow 
swept  over  the  earth  from  the  distant  Alps  towards  him  that  he 
felt  as  if  the  great  building  on  which  he  was  standing  was  com- 
mencing to  fall  over  in  the  direction  of  the  coming  darkness. 
Words  can  but  inadequately  describe  the  grandeur  and  magni- 
ficence of  the  scene.  On  all  sides  indications  are  afibrded  that 
something  unusual  is  taking  place.  At  the  moment  of  totality 
the  dai*kness  is  usually  so  intense  that  the  brighter  planets  and 
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stATO  of  the  I8t  and  2nd  magnitude  are  seen,  birds  go  to 
roost,  flowers  dose,  and  the  face  of  nature  assumes  an  unearthly 
cadaverous  hue  ;  while  not  the  least  striking  thing  is  the  sudden 
gust  of  wind  which  frequently  sweeps  over  the  country  with 
some  violence  at  the  commencement  of  totality;  sometimes 
a  considerable  fall  takes  place  in  the  temperature  of  the  atmo- 
sphere as  the  time  of  the  greatest  obscuration  draws  near. 

"  During  the  early  history  of  mankind,  a  total  eclipse  of  the 
Sun  was  invariably  regarded  with  a  feeling  of  indescribable 
terror,  as  an  indication  of  the  anger  of  the  offended  Deity,  or  the 
presage  of  some  impending  calamity ;  and  various  instances  are 
on  record  of  the  (supposed)  extraordinary  effects  produced  by  so 
unusual  an  event.  In  a  more  advanced  state  of  society,  when 
Science  had  begun  to  diffuse  her  genial  influence  over  the  human 
mind,  these  vain  apprehensions  gave  place  to  juster  and  more 
ennobling  views  of  nature;  and  eclipses  generally  came  to 
be  looked  upon  as  necessary  consequences  flowing  from  the 
uniform  operation  of  fixed  laws,  and  differing  from  the  ordinary 
phenomena  of  nature  only  in  their  less  frequent  occurrence.  To 
astronomers  they  have  in  all  ages  proved  valuable  in  the  highest 
degree,  as  tests  of  great  delicacy  for  ascertaining  the  accuracy  of 
their  calculations  relative  to  the  place  of  the  Moon,  and  hence 
deducing  a  further  improvement  of  the  intricate  theory  of  her 
movements.  In  modem  times,  when  the  physical  constitution  of 
the  celestial  bodies  has  attracted  the  attention  of  many  eminent 
astronomers,  observations  of  eclipses  have  disclosed  several  in- 
teresting facts,  which  have  thrown  considerable  light  on  some 
important  points  of  inquiry  respecting  the  Sun  and  Moon  •." 

Among  the  Hindus  a  singular  custom  exists  **.     When  during 


•  Grant,  Evti.  Pkys.  AH.,  p.  359.  The 
trath  of  the  last  sentence  of  this  extract 
is  now  more  striking  than  it  was  in 
185a. 

^  In  mj  first  edition  I  wrote  ''is  said 
to  exist***  bat  the  following  {>aragraph,  cut 
from  a  newspaper  in  1868,  and  relating 
to  the  great  eclipse  of  Aug.  18,  1868, 
will  shew  that  the  present  reading  of  the 
text   is   preferable : — *'  Tuesday  was    a 


general  holiday,  and  the  natives  signified 
the  swallowing  of  the  sun  by  a  demon  by 
the  usual  drunmiing,  shrieking,  and  blow- 
ing of  shells,  with  offerings  of  rioe.** 
Nor  is  this  an  isolated  incident.  The 
following  account  was  written  of  the 
eclipse  of  the  Sun  of  July  29,  1878,  by  a 
resident  at  Fort  Sill,  Indian  Territory, 
to  Mr.  Fox,  Ex- Mayor  of  Philadelphia, 
U.S.,  who  allowed  its  publication  in  the 
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a  solar  eclipse  the  black  disc  of  our  satellite  is  seen  advancmg 
over  the  Sun,  the  natives  believe  that  the  jaws  of  some  monster 
are  gradually  eating  it  up.  They  then  commence  beating  gongs, 
and  rending  the  air  with  the  most  discordant  screams  of  terror  and 
shouts  of  vengeance.  For  a  time  their  efforts  are  productive  of 
no  good  result — the  eclipse  still  progresses.  At  length,  however, 
the  terrific  uproar  has  the  desired  effect  on  the  voracious  mon- 
ster ;  it  appears  to  pause,  and  then,  like  a  fish  that  has  nearly 
swallowed  a  bait  and  then  rejects  it,  it  gradually  disgorges  the 
fiery  mouthful.  When  the  Sun  is  quite  clear  of  the  great 
dragon's  mouth,  a  shout  of  joy  is  raised,  and  the  poor  natives 
disperse,  extremely  self-satisfied  on  account  of  their  having 
(as  they  suppose)  so  successfully  relieved  their  deity  from  his 
late  perils.  For  us  times  have  now  happily  altered.  We  do 
not  look  on  a  total  eclipse  of  the  Sun  as  a  dire  calamity,  but 
merely  as  one  of  the  ordinary  effects  resulting  from  the  due 
working  of  those  laws  by  which  the  Supreme  Being  wills  to 
govern  the  universe. 

The  Eclipse  of  Aug.  19, 1887,  deficient  though  it  was  in  Astrono- 
mical results,  yielded  some  rather  interesting  observations  with 
respect  to  the  effect  of  the  eclipse  on  birds.  In  N.  E.  Germany, 
foresters  stated  that  the  birds,  which  had  already  begun  to  sing 
before  the  eclipse  took  place,  became  of  a  sudden  quite  silent,  and 


Philadelphia  Inquirer: — "On  Monday 
last  we  were  pennitted  to  see  the  eclipse 
of  the  tun  in  »  beautiful  bright  sky. 
Not  a  cloud  was  visible-  We  had  made 
ample  preparation,  laying  in  a  stock  of 
smoked  glass  several  days  in  advance. 
It  was  the  grandest  sight  I  ever  beheld, 
but  it  frightened  the  Indians  badly. 
Some  of  them  threw  themselves  upon  their 
knees  and  invoked  the  Divine  blessing ; 
others  flung  themselves  flat  on  the  ground 
face  downward ;  others  cried  and  yelled 
in  frantic  excitement  and  terror.  Finally 
one  old  fellow  stepped  from  the  door  of 
his  lodge,  pistol  in  hand,  and  fixing  his 
eyes  on  the  darkened  sun  mumbled  a  few 
unintelligible  words,  and  raising  his  arm, 
took  direct  aim  at  the  luminary,  fired  off* 
his  pistol,  and  after  throwing  his  arms 


about  his  head  in  a  series  of  extraordinary 
gesticulations,  retreated  to  his  own  quar- 
ters. As  it  happened  that  very  instant 
was  the  conclusion  of  totality.  Hie 
Indians  beheld  the  glorious  orb  of  day 
once  more  peep  forth,  and  it  was  unani- 
mously voted  that  the  timely  discharge 
of  that  pistol  was  the  only  thing  that 
drove  away  the  shadow  and  saved  them 
from  the  public  inconvenience  that  would 
have  certainly  resulted  from  the  entire 
extinction  of  the  sun." 

See  for  recent  instances  of  popular 
excitement  at  eclipses,  a  engravings  and 
narratives  in  VAatronomiey  vol.  vi.  p.  248, 
July  1887,  and  relating  to  the  eclipses  of 
Dec.  16,  1880,  and  March  i,  1877,  as 
seen  at  Tashkend  and  Laos  (Indo-China) 
respectively. 
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showed  cdgns  of  disquiet  when  darkness  set  in.  Herds  of  deer 
ran  about  in  alarm,  as  did  the  small  four-footed  game.  In  Berlin 
a  scientific  man  arranged  for  observations  to  be  made  by  bird- 
dealers  of  the  conduct  of  their  feathered  stock.  The  results  were 
found  to  vary  considerably.  In  some  cases  the  birds  shewed 
sudden  sleepiness,  even  though  they  had  sung  before  the  eclipse 
took  place.  In  other  cases  great  uneasiness  and  fright  were 
observed.  Parrots  shewed  far  more  susceptibility  than  canaries, 
becoming  totally  silent  during  the  eclipse,  and  only  returning 
very  slowly  to  their  usual  state. 

An  eclipse  of  the  Sun  may  be  either  joflr^ia/,  annular^  or  total : 
it  is  partial  when  only  a  portion  of  the  Moon's  disc  intervenes 
between  the  Sun  and  the  observer  on  the  Earth  ;  annular,  when 
the  Moons  apparent  diameter  is  less  than  the  Sun's,  so  that  when 
the  former  is  projected  on  the  latter  it  is  not  sufficiently  large 
completely  to  cover  it, — an  annulus,  or  ring  of  the  Sun,  being  left 
unobecured;  and  total  when  the  Moon's  appai*ent  diameter  is 
greater  than  that  of  the  Sun,  which  is,  therefore,  wholly  obscured. 
In  an  annular  eclipse,  when  the  centre  of  the  Sun  and  Moon 
exactly  coincide,  it  is  said  to  be  central  and  annvlar — the  Sun  ap- 
pearing, for  a  very  short  time,  as  a  biilliant  ring  of  light  around 
the  dark  body  of  the  Moon. 

I  shall  now  proceed  to  describe  the  principal  phenomena  which 
are  usually  witnessed  in  connexion  with  solar  eclipses. 

Not  the  least  remarkable  is  the  almost  invariable  change  of 
colour  which  the  sky  undergoes.  Halley,  in  his  account  of  the 
eclipse  of  1715,  says:  "When  the  eclipse  was  about  10  digits 
(that  is,  when  about  ^  of  the  solar  diameter  was  immersed),  the 
face  and  colour  of  the  sky  began  to  change  from  a  perfect  serene 
azure  blue  to  a  more  dusky  livid  colour,  intermixed  with  a  tinge 
of  purple,  and  grew  darker  and  darker  till  the  total  immersion 
of  the  Sun «." 

At  the  moment  of  totality  the  suddenly  altered  conditions  of 
illumination  give  rise  to  a  further  change  of  colour  which  is  so 

'  Phil.  Trant,,  vol.  xxix.  p.  247. 1 7 1 5 .    Arago  gives  an  elaborate  explanation  of  this. 
Pop.  Ati.,  vol.  ii.  p.  358,  Eng.  ed. 
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striking  that  few  observers  fail  to  notice  it.  The  lower  part  of 
the  atmosphere  within  the  Moon's  shadow  is  illuminated  by  light 
from  the  horizon  which  has  passed  through  many  miles  of 
atmosphere  near  to  the  earth's  surface  and  has  therefore  lost 
much  from  the  violet  end  of  the  spectrum.  The  particles  floating 
in  the  lower  atmosphere  therefore  disperse  a  ruddy  light  which 
projected  upon  the  deep  blue  of  the  upper  atmosphere  gives  rise 
to  a  combination  of  colour  which  may  well  be  described  as  purple 
or  violet.  Weeden,  who  observed  the  total  eclipse  of  i860  near 
Miranda  in  Spain,  says  that  the  heavens  during  totality  seemed 
like  a  dark  purple  canopy,  hanging  low  down  as  it  were,  in  the 
shape  of  a  watch-glass,  and  covering  the  earth,  excepting 
in  a  regular  belt  near  the  horizon,  where  the  illuminated  sky 
beyond  the  range  of  the  obscurity  reflected  an  orange  golden 
light.  De  La  Rue,  observing  the  same  eclipse,  says  that  the 
upper  part  of  the  sky  was  of  a  deep  indigo  colour,  shading 
through  a  sepia  tint  into  red  and  oitmge  as  it  approached  the 
horizon.  Eanyard,  observing  the  eclipse  of  1870  in  Sicily,  de- 
scribes the  colour  of  the  sky  as  a  deep  violet,  which  reminded 
him  of  the  colour  of  the  spectrum  near  the  line  H. 

It  has  also  been  found  that  whilst  the  sky  changes  colour 
during  the  progress  of  an  eclipse,  similar  efiects  are  produced 
upon  terrestrial  objects.  This  seems  to  have  been  noticed  as  far 
back  as  840  a.d.^  Kepler  mentions  that  during  the  solar  eclipse 
which  happened  in  the  autumn  of  1590,  the  reapers  in  Styria 
noticed  that  everything  had  a  yellow  tinge®.  Similar  efiects 
have  also  been  described  in  modem  times  ^.  De  La  Rue,  in 
describing  the  eclipse  of  i860,  says  that  the  peculiar  light  cast  on 
the  spectators  impressed  him  with  a  feeling  of  solemnity  never 
to  be  efiaced. 

The  darkness  which  prevails  during  a  total  eclipse  of  the  Sun 
is  not  usually  so  considerable  as  might  be  expected.  It  is,  how- 
ever, subject  to  much  variation.     Ferrer,  speaking  of  the  eclipse 

^  Ad    Vitelltonem  Paralipomena^  p.  '  Mem,  B.A.S.,  vol.  xv.  pp.  12,  14, 

394.  and  15,  1846;   xzi.  passim,  1853;   ^it- 

«  Ibid.,  p.  303.  nuaire,  1846,  p.  291,  &c. 
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of  1806,  says  that  at  the  time  of  total  obscuration  ''without 
doubt  the  light  was  greater  than  that  of  the  full  Moon  s."  In 
general  it  has  been  found  that  the  darkness  is  sufficiently  great  to 
prevent  persons  from  reading,  though  exceptions  to  this  rule  have 
been  known.  The  faint  illumination  which  exists  at  the  moment 
of  the  totality  is  due  to  light  reflected  from  those  regions  of  the 
atmosphere  which  are  still  exposed  to  the  direct  rays  of  the  Sun. 
The  corona  (which  will  presently  be  described)  also,  no  doubt, 
assists  in  the  illumination,  but  the  light  received  from  the  corona 
is  small  compared  with  that  derived  from  the  clouds  outside  the 
region  of  totality,  for  it  has  frequently  been  noticed  that  the 
corona  casts  no  shadow.  The  degree  of  obscuration  will  also 
vary  according  as  the  observer  is  or  is  not  deeply  immersed  in 
the  lunar  shadow — a  fact  first  pointed  out  by  Halley  ^. 

Observers  inside  houses,  or  so  situated  amongst  buildings  that 
the  light  from  the  horizon  cannot  reach  them,  usually  have  difficulty 
in  distinguishing  objects  during  totality.  Mountains  or  clouds 
upon  the  horizon  and  other  local  causes  also  seem  to  affect 
the  degree  of  darkness,  so  that  during  the  same  eclipse  the  ex- 
perience of  observers  in  different  localities  may  differ  considerably. 
Thus  during  the  total  eclipse  of  1851,  Piazzi  Smyth  could  read 
small  print,  while  Professor  Adams  had  only  just  sufficient  light 
to  read  the  face  of  a  box  chronometer ;  and  Sir  G.  B.  Airy  says : 
^  A  candle  had  been  lighted  in  a  lantern  about  a  quarter  of  an 
hour  before  the  totality.  Mr.  Hasselgren  was  unable  to  read  the 
minutes  of  the  chronometer  face,  without  having  the  lantern  held 
close  to  the  chronometer.  I  had  prepai*ed  for  the  occasion 
a  circle  described  upon  a  card:  I  desired  much  to  make  a 
drawing  of  the  prominences,  at  least  of  their  positions  on  the 
limb  of  the  moon,  by  marking  them  on  this  circle,  but  it  was 
impossible  for  me  to  see  it,  and  I  was  obliged  to  approach 
very  closely  to  the  lantern,  in  order  to  make  the  smallest  memo- 
randum on  the  card." 

Mr.  Lassell,  who  observed  the  same  eclipse  at  TroUhattan,  said 

»  Trans.  Amer.  PhU,  Soe.,  vol.  vi.  p.  a66.    1809, 
^  Phil.  Trans.,  vol.  xxix.  p.  250.    1715. 
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that  the  amount  of  darkness  may  be  appreciated  from  the  fact 
that  on  withdrawing  his  eye  from  the  telescope  he  could  neither 
see  the  seconds-hand  of  his  watch  nor  the  paper  sufficiently  to 
write  the  time  down  *. 

As  previously  remai*ked,  a  solar  eclipse  of  large  magnitude  and 
still  more  a  Total  eclipse  is  always  accompanied  by  a  decided 
decrease  in  the  temperature  of  the  air  (in  the  shade).  Mr.  O.  J. 
Symons  iromobservationsin  1858,  i860,  and  1870,  concludes  that 
the  air  is  coldest  about  \  hour  after  the  time  of  the  Conjunction 
of  the  Sun  and  Moon. 

In  the  case  of  the  eclipse  of  1842,  it  was  remarked  by  Piola  at 
Lodi,  and  by  O.  Struve  at  Lipesk,  that  although  the  obscurity  was 
such  that  stars  of  the  2^  and  3'*^  magnitudes  ought  to  have  been 
visible,  yet  only  those  of  the  i'*  magnitude  were  actually  seen  ^. 
M.  Belli  explained  this  curious  fact  by  reference  to  a  physiological 
principle.  He  remarked  that  during  the  short  interval  of  total 
obscuration  the  eye  has  not  sufficient  time  to  recover  from  the 
dazzling  effect  of  the  Sun's  rays,  and  consequently  is  unable  to 
take  advantage  of  the  obscurity  which  actually  prevails  \  The 
suddenness  with  which  the  light  succeeds  the  darkness  after 
a  total  eclipse  of  the  Sun  is  well  known.  Halley  suggested 
a  explanations  of  the  phenomenon.  1"*.  That  previously  to  the 
total  obscuration  the  pupil  of  the  eye  might  be  very  much 
contracted  by  viewing  the  Sun,  and  consequently  the  organ 
of  vision  would  be  less  likely  to  suffer  by  the  effulgence  of  the 
light  than  at  the  instant  of  emersion,  when  the  pupil  has  again  ex- 
panded. 2°^.  That,  as  the  Eastern  margin  of  the  Moon,  at  which 
the  Sun  disappeared,  had  been  exposed  for  a  fortnight  to  the 
direct  action  of  the  solar  rays,  the  heat  generated  during  this 
period  might  cause  vapours  to  ascend  in  the  lunar  atmosphere, 
which,  by  their  interposition  between  the  Sun  and  the  Earth, 
would  have  the  effect  of  tempering  the  effulgence  of  the  solar 
rays  passing  through  them.     On  the  other  hand,  the  Western 

*  Mem,  R.A.S.,  vol.  xxi.  p.  47,  1853 ;       Bihliothique  UnirertelU  de  Genh?t,  vol. 
and  see  Mem,  B.A.S.,  toL  zli.  p.  185.  xliv.  p.  368. 

^  Oiom,  dtlV  lit.  Lomb.,  vol.  iv.p.  341 ;  '  CHom.  delV  IH.  Lomb.,  vol.  iv.  p.  341 . 
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nULi^in  of  the  Moon,  at  which  the  Sun  re-appeared,  had  juet 
experienced  a  night  of  equal  length,  during  which  the  vapours 
suspended  in  the  lunar  atmosphere  had  been  undergoing  a  couiBe 
of  precipitation  upon  the  Moon's  surface  under  a  pi-ocesu  of 
'  cooling.  In  this  caae,  therefore,  the  solar  rays  would  meet  with 
leas  obstraction  in  passing  through  the  lunar  atmosphere,  and, 
consequently,  it  was  reasonable  to  suppose  that  they  would 
produce  a  more  intense  effect".  The  second  hypothesis  requires 
us  to  suppose  the  presence  of  a  lunar  atmosphere,  the  existence  of 
which  modem  olwervation  tends  to  disprove.  The  lirst  is  doubt- 
less  the  true  explanation. 

When  the  disc  of  the  Moon  advancing  over  that  of  the  Sun  has 
reduced  the  latter  to  a  thin  crescent,  it  is  usually  noticed  that 
inunediately  before  the  beginning 
and  after  the  end  of  complete  ob- 
scuration, the  crescent  appears  as 
a  band  of  brilliant  points,  separated 
by  dark  spaces  so  as  to  give  it  the 
appearance  of  a  string  of  beads 
which  appear  to  move  and  merge 
into  one  another.  While  the  Uoon'a 
limb  is  seen  projected  upon  the 
sun's  disc  it  appears  perfectly 
smooth.  No  lunar  mountains  can 
be  detected  projecting  beyond  the 
general  outline.  The  hypothesis  usually  advanced  to  account 
for  this  smoothness  of  the  Moon's  limb  is  that  the  irradiation 
fnin  Uie  bright  background  of  the  solar  surface  projects  over 
the  lunar  limb  like  a  fringe,  and  forms  s  new  even  limb  inside 
the  true  rough  lunar  limb.  As  the  solar  crescent  becomes  thin, 
the  irradiation  fringe  vanishes  wherever  a  lunar  projection  breaks 
through  the  thin  line  of  solar  light. 

These  phenomena  are  generally  known  as  Jfatiy't  Beadi,  having 
received  their  name  from  the  late  Mr.  Francis  Baily,  who  was 
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the  first  to  describe  them  in  detail  °.  His  original  memoir  was 
published  in  1836,  and  from  it  I  make  the  following  quo- 
tation : — 

''When  [previoiiB  to  the  totality]  the  coBps  of  the  San  were  about  40°  asunder,  a 
row  of  Indd  points,  like  a  string  of  bright  beads,  irregular  in  size  and  distance  from 
each  other,  suddenly  formed  round  that  part  of  the  circumference  of  the  Moon  that 
was  about  to  enter,  or  which  might  be  considered  as  having  just  entered,  on  the  San*s 
disc  Its  formation  indeed  was  so  rapid,  that  it  presented  the  appearance  of  having 
been  caused  by  the  ignition  of  a  train  of  gunpowder.  This  I  intended  to  note  as  the 
correct  time  of  the  formation  of  the  annulus,  expecting  every  moment  to  see  the 
thread  of  light  completed  round  the  Moon,  and  attributing  this  serrated  appearance 
of  the  Moon*s  limb  (as  others  had  done  before  me)  to  the  lunar  mountains,  although 
the  remaining  portion  of  the  Moon's  circumference  was  comparatively  smooth  and 
circular,  as  seen  through  the  telescope.  My  surprise,  however,  was  great  on  finding 
that  these  luminous  points,  as  well  as  the  dark  intervening  spaces,  increased  in 
magnitude,  some  of  the  contiguous  ones  appearing  to  run  into  each  other  like  drops 
of  water ;  for  the  rapidity  of  the  change  was  so  great,  and  the  singularity  of  the 
appearance  so  fascinating  and  attractive,  that  the  mind  was  for  the  moment  distracted 
and  lost  in  the  contemplation  of  the  scene,  so  as  to  be  unable  to  attend  to  every 
minute  occurrence,  finally,  as  the  Moon  pursued  her  course,  these  dark  intervening 
spaces  (which,  at  their  origin,  had  the  appearance  of  lunar  mountains  in  high  relief, 
and  which  still  continued  attached  to  the  Sun's  border)  were  stretched  out  into  long, 
black,  thick  parallel  lines,  forming  the  limbs  of  the  Sun  and  the  Moon ;  when,  all  at 
once,  they  suddenly  gave  way,  and  left  the  circumferences  of  the  Sun  and  Moon  in 
those  points,  as  in  the  rest,  comparatively  smooth  and  circular,  and  the  Moon 
perceptibly  advanced  on  the  face  of  the  Sun  <'.** 

Mr.  Baily  then  goes  on  to  describe  the  appearances  which  he 
saw  after  the  total  obscuration ;  they  were,  however,  substantially 
the  same  as  those  recorded  above. 

The  most  recent  full  account  of  " Baily 's  Beads"  is  due  to 
Mr.  Lewis  Swift,  an  American  astronomer  who  observed  the 
eclipse  of  July  29,  1878,  at  Denver,  Colorado.     He  says : — 

"At  the  eclipse  of  1869, 1  was  so  captivated  with  the  number,  magnitude,  and 
unexpected  brilliancy  of  the  protuberances,  that  I  failed  to  give  particular  attention 
to  the  beautiful  phenomenon  of  Baily's  Beads.  On  this  occasion  I  observed  it  very 
carefully,  and  found  it  one  of  the  most  striking  and  fascinating  features  of  the 
whole  eclipse.  Several  seconds  previous  to  the  formation  of  the  beads,  I  observed, 
near  each  end  of  the  solar  crescent,  a  phenomenon  which  I  have  never  seen  described 
in  the  books.  Though  reminding  me  of  the  '  Black  Drop,*  which  I  saw  at  the  late 
transit  of  Mercury,  it  was  very  different  from  it.  At  the  risk  of  being  considered 
prolix,  I  will  describe  it,  though  to  be  appreciated  it  must  be  seen.     Imagine  a  long 

n  They  were  noticed  long  before  his  time. 
*>  Mem.  RA.S.,  vol.  x.  p.  5.  1838. 
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And  Yeiy  nairow  cretoent  cut  in  a  door  between  two  rooms,  one  brilliantly  lighted, 
the  other  dark,  the  ohierver  being  in  the  farther  end  of  the  latter  (imagined  to  be  a 
▼eary  long  one)  looking  at  the  crescent  with  his  telescope.  The  appearance  was  as  if 
two  coooetled  persons  in  the  lighted  room,  one  each  side  of  the  crescent,  were  busily 
engaged  in  rapidly  protruding  and  withdrawing  a  series  of  long  slim  black  objects 
like  slate  pencils.  They  were  not  broad  at  their  bases  as  is  the  '  Black  Drop/  and, 
unlike  the  latter,  were  not,  except  in  two  instances,  opposite  each  other.  They  were 
seen  only  near  each  end  of  the  crescent.  This  phenomenon  was  as  unique  as  it  was 
unexpected,  and  lasted  for  but  two  or  three  seconds,  and  then  entirely  ceased  at 
each  end  simultaneously,  but  recommenced  in  one  or  two  seconds,  but  further  from 
the  end  of  the  lune,  and  the  images  were  more  blunt  and  less  symmetrica],  though 
their  motions  were  as  before.  This  lasted  but  a  short  time,  when  all  motion  ceased, 
as  if  preparing  for  a  grand  denouement,  and  from  each  end  of  the  crescent,  now 
reduced  to  a  narrow  curved  line  of  light,  the  beads  (which  are  luminous,  and  thus 
unlike  the  '  Black  Drop ')  began  to  form  from  each  end  simultaneously,  and  in  less 
than  a  half  second  were  completed.  They  were  nearly  square,  and  increased  in  sixe 
from  each  end  of  the  crescent  to  the  centre,  which  was  the  largest  in  exact  mathe- 
matical ratio.  So  symmetrical  were  they  that  if  half  of  them  had  been  superimposed 
on  the  other  half  they  would  have  agreed  in  number,  curvature,  shape,  and  distance, 
lliey  were  visible  but  a  short  time — say  two  or  three  seconds — when,  giving  a  few 
pulsating  tremors,  they  vanished  altogether.  When  I  take  into  consideration  the 
exact  uniformity  of  their  formation  as  to  size,  shape,  etc.,  I  cannot  subscribe  to  the 
dogma  that  they  are  only  the  sun's  light  shining  through  the  interstices  of  the  lunar 
mountains.  In  this  case  part  of  the  moon*s  contour,  where  they  were  formed,  was 
smooth,  while  the  other  was  exceedingly  rough,  yet  the  beads  were  the  same  in  both 
localities.  And  those  formed  at  the  beginning  are  precisely  similar  to  those  at  the 
dote  of  totality,  and  those  of  one  eclipse  just  like  those  of  all — total  and  annular — 
that  have  occurred  since  they  were  first  described  by  Baily.  The  assertion  here 
seems  justifiable  that  the  cause  of  Baily *8  Beads  is  still  enshrouded  in  darkness  p." 

The  earliest  account  of  the  phenomenon  of  the  beads  is  con- 
tained in  Halley's  memoir  on  the  total  eclipse  of  1 715.  Ho  says  : 
''  About  2  minutes  before  the  total  immersion,  the  remaining  part 
of  the  Sun  was  reduced  to  a  very  fine  horn,  whose  extremities 
seemed  to  lose  their  acuteness,  and  fo  become  round  like  start ;  and, 
for  the  space  of  about  a  quarter  of  a  minute,  a  small  piece  of  the 
Southern  horn  of  the  eclipse  seemed  to  be  ck/  off  front  the  red  by 
a  good  interval,  and  appeared  like  an  oblong  star  rounded  at 
both  ends  ^."  The  first  annular  eclipse  in  which  it  appears  that 
any  beads  were  seen  was  that  of  Feb.  18,  1736-7,  observed  by 
Maclaurin^ 

One  of  the  most  interesting  appearances  seen  during  a  total 

V  WeukingtoH  Obtei  rations,  1876,  Ap-  •»  Phil.  TVanf.,  vol.  xxix.  p.  248.  1715. 

pendix  III.  p.  227.  •■  Phil.  Trant.,  vol.  xl.  p.  177.  1737. 
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eclipse  of  the  Sun  is  the  corona,  or  halo  of  light  which  surrounds 
the  Moon.  It  usually  appeal's  only  a  few  seconds  previous  to  the 
total  extinction  of  the  Sun's  light,  and  continues  visible  for 
about  the  same  interval  of  time  after  its  reappearance.  In 
general,  it  may  be  compared  to  the  nimbus  commonly  painted 
around  the  heads  of  the  Virgin  Mary,  the  Apostles,  &c.  Different 
explanations  have  been  advanced  to  account  for  this  phenomenon : 
Kepler  thought  it  due  to  the  presence  of  an  atmosphere  round 
the  Moon ' :  La  Hire  suggested  that  it  might  be  produced  by  the 
reflection  of  the  solar  rays  from  the  inequalities  of  the  Moon's 
surface,  contiguous  to  the  edge  of  her  disc,  combined  with  their 
subsequent  passage  through  the  Earth's  atmosphere^;  the  late 
Professor  Baden  Powell  once  conducted  a  series  of  experiments 
which  tended  strongly  to  support  the  idea  that  refraction  was 
the  cause  of  it" :  on  the  whole,  however,  it  is  now  tolerably  clear 
that  it  is  due  to  something  in  the  nature  of  an  atmosphere  about  the 
Sun.  Its  figure,  the  nebulous  structures  which  are  seen  in  it 
all  gradually  diminishing  in  density  onwards,  point  to  the  sup- 
position of  its  being  due  to  matter  encompassing  the  solar  orb, 
and  gravitating  everywhere  towards  its  centre.  Delisle  con- 
jectured that  the  luminous  ling  might  be  occasioned  by  the 
diffraction  of  the  solar  rays  which  pass  near  the  Moon's  edge  ^, 
but  Sir  David  Brewster  shewed  that  this  theory,  though  ingenious, 
is  quite  untenable  ^. 

Judged  by  photographic  results,  the  solar  corona  is  very  much 
fainter  than  the  Moon,  for  whilst  its  outer  portion  has  been  found 
to  fail  utterly  to  make  any  impression  on  a  plate  after  an  exposure 
of  5  seconds,  the  Moon  has  been  photogi-aphed  perfectly  in  O'l  to 
o*a  seconds.  Moreover  Federow  in  1842  ;  Swan  and  Chevallier 
in  185 1  ;  and  Lespiault,  Burat,  and  Cuillier  in  i860,  all  observed, 
and  specially  recorded,  that  no  shadow  was  cast  by  the  corona. 

The  earliest  historical  allusion  to  the  corona  is  made  by  Philo- 
stratus.     He  mentions  that  the  death  of  the  Emperor  Domitian 

■  Ad  Viiell.  Paralipom.f  p.  302;  Epit,  »  Mem.  R.A.S.,  vol.  xvi.  p.  301.   1847. 

Attron,,  p.  893.  *  M^m.  Acad.  df«ScieHce$f  17 15,  p.  166 

*  Mitn.  A  cad.  des  ScUnceSy  1 7 1 5 ,  p.  1 6 1  et  seq. 

tt  *€(/.  1  Edin.  Encyc,  art.  Anfrouomtf. 
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had  been  '  announced '  previously  by  a  total  eclipse  of  the  sun. 
"In  the  heavens  there  appeared  a  prodigy  of  this  nature.  A 
certain  corona^  resembling  the  /m,  surrounded  the  orb  of  the 
Sun  and  obscured  his  light ' ; "  (t.  e,^  it  appeared  coincidently 
with  the  total  obscuration  of  his  light).  Plutarch  is  still  more 
precise  in  his  allusion.  Speaking  of  a  total  eclipse  of  the  Sun 
which  had  recently  happened,  he  endeavours  to  shew  why  the 
darkness  arising  from  such  phenomena  is  not  so  profound  as 
that  of  night.  He  begins  by  assuming,  as  the  basis  of  his 
reasoning,  that  the  Earth  greatly  exceeds  the  Moon  in  size,  and 
after  citing  some  authorities,  he  goes  on  to  say  : — "  Whence  it 
happens  that  the  Earth,  on  account  of  ita  magnitude,  entirely 
conceals  the  Sun  from  our  sight.  .  .  .  But  even  although  the 
Moon  should  at  any  time  hide  the  whole  of  the  Sun,  still  the  eclipse 
is  deficient  in  duration,  as  well  as  amplitude,  for  a  peculiar 
effulgence  is  seen  around  the  circumference,  which  does  not 
allow  the  obscurity  to  become  very  intense  or  complete."  (*  AAXa 
V€piil>aiv€TaC  ris  aiyri  irfpi  rrfv  trvr,  ovk  iiaaa  ^aO^lav  yLv€<rOai  ttiv 
a-Kihv  Koi  iKpaTov\)  The  luminous  ring  seems  to  have  been 
noticed  by  Clavius  during  the  eclipse  of  April  9,  1567 :  he 
thought  that  it  was  merely  the  uncovered  margin  of  the  Sun*s 
disc ;  but  Kepler  shewed  that  this  was  impossible. 

There  are  one  or  two  well-authenticated  instances  of  the 
corona  being  visible  during  partial  eclipses  of  the  Sun.  In  1842, 
M.  D'Hombre  Firmas,  at  Alais,  which  was  contiguous  to,  though 
not  actually  in  the  path  of  the  shadow,  states  that,  "  every  one 
remarked  the  circle  of  pale  light  which  encompassed  the  Moon 
when  she  almost  covered  the  Sun  **."  Several  observers  of  this 
eclipse  noticed  that  the  ling  at  first  appeared  to  be  brightest  on 
the  side  of  the  solai*  disc  which  was  first  covered  by  the  Moon, 


*  Li/eo/ApolloHtu t  of  Ty ana,  h J  ThW'  have  given  in  the  text.     But  I  am  not 

oetratni,  Bk.  viii.  cap.  33.    The  paasage  satitfied  that  he  has  done  ao  on  saffioient 

will  be  foand  quoted  in  Aat.  Nach.y  vol.  groands. 

xxrii.  No.  1838,  March  31,  1871;  and  in  •  Plut.,  Opera  Mor.  ei  Phil.  vol.  ix.  p. 

Ob$ervatory,  vol.  ix.  p.  1^9,  March  1886,  683.    Ed.  Lipfii»,  1778. 

where  Lynn  oalis  in  question  both  the  **  Annuaire,  1846,  p.  339. 
statements  and  the  deduction!)  which  I 
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but  thai  previoosljr  to  the  doee  of  the  total  phase,  it  ¥ras 
Inigfatest  at  the  part  where  the  San  was  abovit  to  reappear^ 

Not  the  least  beaotifial  phenomena  seen  during  a  total  solar 
eelipse  are  the  ''Red  Flames,"  irtiieh  become  viable  around  the 
mnrfgn  of  the  Ifo^m  s  disc  immediately  after  the  eommenoement 
of  the  total  (diase.  Mr.  Dawes  so  minntelj  described  them, 
as  thejr  appeared  to  him  in  July  1851,  that  I  cannot  do  better 
than  qoote  his  words.    He  says : — 

**  Thfoogliocit  the  whole  of  the  qnadnuU  from  novih  to  maX  there  was  no  Tinble 
pn^bcnaee,  the  eoroB*  bciiig  onilianii  and  nnhiteinipied.  Between  the  eaet  and 
•ooth  pointe,  and  at  an  MMkfg^  of  aboot  115^  from  the  north  point,  af^wared  a  laige 
red  proodnenee  of  %  Yerj  regular  oooical  form.  When  fint  aeen  it  might  be  aboat 
il'  in  altHnde  from  the  edge  of  the  Moon,  but  iti  length  diminiahed  as  the  Moon 
advaneed. 

**  Hie  podtion  of  this  protaberanee  may  be  inaccurate  to  n  few  degrees,  being 
more  hastily  noticed  than  the  oihen.  It  was  of  a  deep  rose  colour,  and  rather  paler 
near  the  middle  than  at  the  edges. 

**  Proceeding  ioathward,  at  about  145°  from  the  north  point,  commenced  n  low 
ridge  of  red  prominences,  resembling  in  outline  the  t<^  of  n  very  irrqplar  range  of 
hills.  The  hig^iest  of  these  probaUy  did  not  exceed  40".  This  ri<%e  extended 
through  50"  or  55^,  and  reached,  therefore,  to  nbont  197^  from  the  north  point,  its 
base  being  throughout  formed  by  the  sharply-defined  edge  of  the  Moon.  The 
irregularities  at  the  top  of  the  ridge  seemed  to  be  pemument,  but  they  certainly 
Appeared  to  undulnte  fitmi  the  west  towards  the  east ;  probably  an  atmospheric 
phenomenon,  as  the  wind  was  in  the  west. 

''  At  about  320^  commenced  another  low  ridge  of  the  same  character,  and  extended 
to  about  350°,  less  elevated  Hum  the  other,  and  also  less  irregular  in  outline,  except 
thftt  at  about  335°  a  very  remarkable  protaberanee  rose  frt>m  it  to  an  altitude  of  i^, 
or  more.  Hie  tint  of  the  low  ridge  was  a  rather  pale  pink ;  the  colour  of  the  more 
elevated  prominence  was  decidedly  deeper,  and  its  brightness  much  more  vivid.  In 
form  it  reiembled  a  dog* 9  tusk,  the  convex  side  being  northwards,  and  the  concave  to 
the  south.  The  apex  was  somewhat  acute.  This  protuberance,  and  the  low  ridge 
connected  with  it,  were  observed  and  estimated  in  height  towards  the  end  of  the 
toUlity. 

''A  small  double-pointed  prominence  was  noticed  at  about  355°,  and  another  low 
one  with  a  broad  base  at  about  363°.  These  were  also  of  the  rose-coloured  tint,  but 
rather  paler  than  the  large  one  at  335°. 

**  Almost  directly  preceding,  or  at  370°,  appeared  a  bluntly  triangular  pink  body, 
MUMpemled,  as  it  were,  in  the  corona.  This  was  separated  from  the  Moon's  edge  when 
lint  seen,  and  the  separation  increased  as  the  Moon  advanced.  It  had  the  appearance 
of  a  large  conical  protuberance,  whose  base  was  hidden  by  some  intervening  soft  and 
ill-defined  substance,  like  the  upper  part  of  a  conical  mountain,  the  lower  portion  of 
which  was  oljscured  by  clouds  or  thick  mist.  I  think  the  apex  of  this  object  must 
have  been  at  least  i'  in  altitude  fit)m  the  Moon*s  limb  when  first  seen,  and  more  than 
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i^'  iovardi  tlie  end  of  toUl  obscoTatioiL  lii  eolomr  was  pink,  and  I  thought  it  paler 
in  the  middle. 

"To  tlie  north  of  this,  at  abont  380°  or  285^,  appeared  the  most  wonderful 
phenomenon  of  the  whole,  A  red  protoberance,  of  vivid  brightness  and  very  deep 
tint,  arose  to  a  hmght  of,  perhi^,  i^'  when  first  seen,  and  increased  in  length  to  2', 
car  mote,  as  the  Moon*s  progress  revealed  it  more  completely.  In  shape  it  somewhat 
I  esembled  a  Turiish  cimeter,  the  northern  edge  being  convex,  and  the  southern 
ooneaTe.  Towards  the  apex  it  bent  suddenly  to  the  south,  or  upwardp,  as  seen  in  the 
telsseope.  Its  northern  edge  was  well  defined,  and  of  a  deeper  colour  than  the  rest, 
eq>ecially  towards  its  base.  I  should  call  it  a  rich  carmine.  The  southern  edge  was 
less  distinctly  defined,  and  decidedly  paler.  It  gave  me  the  impression  of  a  somewhat 
oonical  protuberance,  partly  hidden  on  its  southern  side  by  some  intervening  substance 
of  a  sofi  or  flooculent  character.  The  apex  of  this  protuberance  was  paler  than  the 
base,  and  of  a  purplish  tinge,  and  it  certainly  had  a  flickering  motion.  Its  base  was, 
from  first  to  last,  sharply  bounded  by  the  edge  of  the  Moon.  To  my  great  astoniith- 
ment,  this  marvellous  object  continued  visible  Jar  cUnmi  5  eeeonds,  as  nearly  as  I  could 
judge,  ttfUr  the  Sun  began  to  reappear,  which  took  place  many  degrees  to  the  sooth  of 
the  situation  it  occupied  on  the  Moon's  circumference.  It  then  rapidly  faded  away, 
but  it  did  not  vanish  instantaneously.  From  its  extraordinary  size,  curious  form,  deep 
colour,  and  vivid  brightness,  this  protuberance  absorbed  much  of  my  attention ;  and  I 
am,  therefore,  unable  to  state  precisely  what  changes  occurred  in  the  other  phenomena 
towards  the  end  of  the  total  obscuration. 

"  The  aro  from  about  283°  to  the  north  point  was  entirely  free  frY>m  prominences, 
and  also  from  any  roseate  tint." 

Astronomers  were  long  unable  to  determine  the  nature  of 
these  rose-coloured  emanations ;  but  it  is  now  accepted  that  they 
belong  to  the  Sun  and  consist  of  gaseous  matter  (chiefly  hydro- 
gen) in  an  incandescent  state  rushing  upwards  i^sdth  inconceiv- 
able velocity. 

One  of  these  prominences,  measured  by  De  La  Rue  in  i860, 
was  44jCXX>  miles  in  vertical  height  above  the  Sun*s  surface. 

Julius  Firmicus,  speaking  of  the  eclipse  of  July  1 7,  334,  makes 
a  remark  which  may  apply  to  this  phenomenon ;  otherwise  the 
earliest  recorded  account  of  the  Red  Flames  is  by  Captain 
Stannyan,  who  observed  them  at  Berne  during  the  total  eclipse 
of  1 706.     He  writes  to  Flamsteed  ; — 

"  That  the  Sun  was  totally  darkened  there  for  4^  minutes  of  time ;  that  a  fixed 
star  and  a  planet  appeared  very  bright ;  and  (hat  hin  getting  out  0/  his  eclipse  irai 
preceded  by  a  blood-red  streak  of  light  from  its  left  limb,  which  continued  not  longer 
than  6  or  7  secowls  of  time  ;  then  part  of  the  Sun*8  disc  appeared  all  of  a  sudden,  as 
bright  as  Venus  was  ever  seen  in  the  night ;  nay,  brighter ;  and  in  that  very  instant 
gave  a  light  and  shadow  to  things  as  strong  as  the  Moon  uses  to  do**." 

*  Phil.  Tranti.f  vol.  xxv.  p.  2240.   1706. 
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On  this  communication  Flamsteed  remarks  ; — 

"  The  Captain  ii  the  fint  man  I  ever  heard  of  that  took  notice  of  a  red  streak 
preceding  the  emersion  of  the  Sun'i  body  from  a  total  edipse.  And  I  take  notice 
of  it  to  you  [the  Royal  Society],  because  it  infers  that  the  Moon  has  an  atmosf^ere ; 
and  its  short  continuance,  if  only  6  or  7  seconds*  time,  tells  us  that  its  height  was  not 
more  than  5  or  6  hundredths  part  of  her  diameter*/' 

The  Bed  Flames  were  seen  by  Halley,  Louville^  and  C.  Hayes 
in  1715,  and  afterwards  by  Yassenius,  at  Gottenberg,  who 
says: — 

"  But  what  seemed  in  the  highest  degree  worthy,  not  merely  of  observation,  but 
also  of  the  attention  of  the  illustrious  Boyal  Society,  were  some  reddish  spots  which 
appeared  in  the  lunar  atmosphere  wiihout  the  periphery  of  the  Moon's  disc,  amounting 
to  3  or  4  in  number,  one  of  which  was  larger  than  the  other,  and  occupied  a  situation 
about  midway  between  the  south  and  west.  These  spots  seemed  in  each  instance  to 
be  composed  of  3  smaller  parts  or  cloudy  patches  of  unequal  length,  having  a  certain 
degree  of  obliquity  to  the  periphery  of  the  Moon.  Having  directed  the  attention  of 
my  companion  to  the  phenomenon,  who  had  the  eyes  of  a  lynx,  I  drew  a  sketch  of  its 
aspect ;  but  while  he,  not  being  accustomed  to  the  use  of  the  telescope,  was  unable 
to  find  the  Moon,  I,  again  with  great  delight,  perceived  the  same  spot,  or,  if  you 
choose,  rather  the  invariable  doud  occupying  its  former  situation  in  the  atmosf^ere 
near  the  Moon's  periphery  '.'* 

A  "  Red-Flame  *'  of  a  greenish-blue  tinge  has  been  noticed. 
This  Arago  considered  to  be  an  effect  of  conti*ast. 

The  Red  Flames  have  also  been  noticed  in  annular  eclipses, 
as  in  that  of  1737,  observed  by  Maclaurin,  which  appears  to  be 
the  earliest  in  which  the  phenomenon  was  seen^ ;  and  in  partial 
eclipses,  of  which  that  of  1605,  observed  by  Kepler,  is  probably 
the  first  *. 

The  aspect  presented  by  the  Moon  during  eclipses  of  the  Sun 
is  frequently  very  singular.  Kepler  stated  that  the  Moon's  surface 
is  occasionally  distinguishable  by  a  ruddy  hue  ^.  Baily,  in  his 
account  of  the  annular  eclipse  of  1836,  states^  that  ''previous  to 
the  formation  of  the  ring,  the  face  of  the  Moon  was  perfectly 
black ;  but  on  looking  at  it  through  the  telescope,  during  the 
annulus,  the  circumference  was  tinged  with  a  reddish  purpU  colour^ 
which  extended  over  the  whole  disc,  but  increased  in  density  of 

•  PhiL  TraM.,  vol.  xx.  p.  3341.  1706.  *>  Phil.  Trant,,  vol.  xl.  p.  181.    1737. 
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colour,  according  to  the  proximity  to  the  centre,  so  as  to  be  in 
that  part  nearly  black*."  Vassenius  in  1733  and  Ferrer  in  1806 
are  the  only  observers  who  state  that  they  have  seen  the  irregu- 
larities in  the  Moon's  surface  during  a  central  eclipse,  whether 
total  or  annular™.  Arago  and  others  tried  to  do  so  in  1842,  but 
fiEdled.  The  fact  that  the  lunar  inequalities  sometimes  are  seen 
and  at  other  times  are  not  seen  is  doubtless  owing  to  meteoro- 
logical causes. 

In  1842  Arago  saw  the  dark  contour  of  the  Moon  projected 
upon  the  bright  sky  40™  after  the  commencement  of  the  eclipse. 
He  ascribes  the  phenomenon  to  the  projection  of  the  Moon  upon 
the  solar  atmosphere,  the  brightness  of  which,  by  an  effect  of 
contrast,  rendered  the  outline  of  the  Moon's  dark  limb  discern- 
ible ^.  The  phenomenon  appears  to  be  a  rare  one :  at  least  it  is 
recorded  by  only  3  recent  obsei^vers  ^, 

On  several  occasions  attempts  have  been  made  to  detect  the 
Moon's  shadow  in  the  course  of  its  passage  over  the  surface  of 
the  Earth.  Airy  in  1851  succeeded  in  observing  it,  but  he  failed 
in  1842,  in  which  year,  however,  Plana  and  Forbes  were  more 
fortunate.  The  diflBculty  arises  from  the  immense  velocity  of  the 
shadow — about  30^  miles  per  minute.  The  earliest  historical 
record  of  the  ecHpse-shadow  being  seen  occurs  in  Duillier  s 
account  of  the  eclipse  of  May  12,  1706  p. 

According  to  M.  Laussedat,  one  of  the  horns  of  the  solar 
crescent  in  i860  appeared  for  a  short  time  rounded  and  truncated. 
The  other  horn  was  contracted  nearly  to  a  point,  and  a  small 
patch  of  light  wholly  detached  was  visible  beyond  the  extremity 
of  this  cusp. 

*  Mem.  R.A.S.,  vol.  z.  p.  17.   1838.  Not.,  vols,  xxvii.  p.  185,  March  1867,  and 

"  Phil,  Trans.,  vol.  xxxviii.  p.   135,  zxxiii.  pp.  468  and  577,  Jane,  Ac.  1873; 

>733;  Tran$.  Amer.  Phil.  80c.,  vol.  vi.  Ast.  Rtg.t  vol.  riii.  p.  9,  Jan.  1875. 

p.  367,  1809.  ^  M6m.  Acad,  des  Seieneei^  1706,  p.  113 

"  Annuairg,  1 846 ,  p.  373.  (Hist.);  Phil.  Trans.,  yo\.  zxv.  p.  2243, 
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CHAPTER   m. 

THE  TOTAL  ECLIPSE  OF  THE  SUN 

OF  JULY  28,  1851. 
OhmrvaHmu  by  Airy.^By  HindL—B^  LastelL 

NOT  the  least  interesting  of  the  total  eclipses  of  the  Son  that 
have  occurred  within  the  last  half-century  was  thai  of  July 
28,  1851.  Though  not  visible  in  England,  it  was  seen  to  great 
advantage  in  Sweden,  to  which  country  many  astronomers  went 
at  the  time  for  the  purpose  of  observing  the  edipse.  The  follow- 
ing remarks  are  from  the  pen  of  Sir  G.  B.  Airy,  the  then  Astro- 
nomer Royal,  who  observed  the  eclipse  at  Oottenberg: — 

"  The  approttoh  of  the  totolity  was  aooompftnied  with  that  indeacribably  mysierioiis 
And  gloomy  appearance  of  the  whole  sonoonding  prospect,  which  I  have  seen  00  a 
former  occasion.  A  patch  of  dear  blue  sky  in  the  senith  became  porple-black  ^ile 
I  was  gasing  on  it.  I  took  off  the  higher  power  with  which  I  had  scmtiniaed  the 
Son,  and  pat  on  the  lowest  power  (magnifying  aboat  34  times).  With  this  I  saw 
the  moontains  on  the  Moon  perfectly  well.  I  watched  carefnlly  the  i^roaeh  of  the 
Moon*8  limb  to  that  of  the  Son,  which  my  gradoated  daric  glass  enabled  me  to  see  in 
great  perfection :  I  saw  both  limbs  perfectly  well  defined  to  the  last,  and  saw  the  line 
becoming  narrower,  and  the  curves  becoming  sharper,  without  any  distortion  or 
prolongation  of  the  limbs.  I  saw  the  Moon*8  serrated  limb  advance  up  to  the  San*s, 
and  the  light  of  the  Sun  glimmering  through  the  hoUows  between  the  mountain 
peaks,  and  saw  these  glimmering  spots  extinguished  one  after  another  in  extremely 
rapid  succession,  but  without  any  of  the  appearances  which  Mr.  Baily  has  described. 
.  •  .  .  I  have  no  means  of  ascertaining  whether  the  darkness  really  was  greater 
in  the  eclipse  of  184a.  I  am  inclined  to  think,  that  in  the  wonderful,  and,  I  may  say, 
appalling  obscurity,  I  saw  the  grey  granite  hills,  within  sight  of  Hvalas,  more  dis> 
tinctly  than  the  darker  country  surrounding  the  Superga.  But  whether,  because  in 
1 85 1  the  sky  was  much  less  clouded  than  in  1843  (so  that  the  transition  was  from 
a  more  luminous  state  of  sky,  to  a  darkness  nearly  equal  in  both  cases),  or  fr^om 
whatever  cause,  the  suddenness  of  the  darkness  in  185 1  appeared  to  be  much  more 
striking  than  In  1843.     My  friends,  who  were  on  the  upper  rock,  to  which  the  path 
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WM  Teiy  good,  had  great  difficulty  in  descending.  A  candle  had  been  lighted  in  a 
laniem,  about  a  qnarter  of  an  hour  before  the  totality ;  Mr.  Hasselgren  was  unable 
to  read  the  minntea  of  the  chronometer's  face  without  haying  the  lantern  held  dose 
to  the  chronometer. 

"The  corona  was  &r  broader  than  that  which  I  saw  in  1843 ;  roughly  speaking, 
its  breadth  was  a  little  less  than  the  Moon's  diameter,  but  its  outline  was  very 
irregular.  I  did  not  remark  any  beams  projecting  from  it  which  deserved  notice  as 
much  more  conspicuous  than  the  others;  but  the  whole  was  beamy,  radiated  in 
structure,  and  terminated  (though  very  indefinitely)  in  a  way  which  reminded  me  of 
the  ornament  frequently  placed  round  a  mariner's  compass.  Its  colour  was  white, 
and  resembling  that  of  Venus.  I  saw  no  flickering  or  unsteadiness  of  light.  '  It  was 
not  separated  fix>m  the  Moon  by  any  dark  ring,  nor  had  it  any  annular  structure  :  it 
looked  like  a  radiating  luminous  doud  behind  the  Moon.  .  .  .  The  form  of  the 
prominences  was  most  remarkable.  One  reminded  me  of  a  boomerang.  Its  colour, 
for  at  least  two-thirds  of  its  width,  from  the  convexity  to  the  concavity,  was  full  lake 
red ;  the  remainder  was  nearly  white.  The  most  brilliant  part  of  it  was  the  swell 
froihest  from  the  Moon's  limb ;  this  was  distinctly  seen  by  my  friends  and  myself 
with  the  naked  eye.  I  did  not  measure  its  height;  but  judging  generally  by  its 
proportion  to  the  Moon's  diameter,  it  must  have  been  3'.  This  estimation,  perhaps, 
belongs  to  a  later  period  of  the  eclipse.  ...  It  was  impossible  to  see  the  changes 
that  took  place  in  the  prominences,  without  feeling  the  conviction  that  they  belonged 
to  the  Sun,  and  not  to  the  Moon. 

"  I  again  looked  round,  when  I  saw  a  scene  of  unexpected  beauty.  The  southern 
part  of  the  sky,  as  I  have  said,  was  covered  with  uniform  white  cloud ;  but  in  the 
northern  part  were  detached  clouds,  upon  a  ground  of  dear  sky.  This  clear  sky  was 
now  strongly  illuminated  to  the  height  of  30°  or  35°,  and  through  almost  90°  of 
aomuth,  with  rosy  red  light  shining  through  the  intervals  between  the  clouds. 
I  went  to  the  telescope,  with  the  hope  that  I  might  be  able  to  make  the  polarixa- 
tion-observation  (which,  as  my  apparatus  was  ready  to  my  grasp,  might  have  been 
done  in  3  or  4  seconds),  when  I  saw  the  sierra ,  or  rugged  line  of  projections,  had 
arisen.  This  sierra  was  more  brilliant  than  the  other  prominences,  and  its  colour 
was  nearly  scarlet.  The  other  prominences  had  perhaps  increased  in  height,  but  no 
additional  new  ones  had  arisen.  The  appearance  of  this  sierra,  nearly  in  the  place 
where  I  expected  the  appearance  of  the  Sun,  warned  me  that  I  ought  not  now  to 
attempt  any  other  physical  observation.  In  a  short  time  the  white  Sun  burst  forth, 
and  the  corona,  and  every  other  prominence,  vanished. 

"  I  withdrew  from  the  telescope,  and  looked  round.  The  country  seemed,  though 
rapidly,  yet  half  unwillingly,  to  be  recovering  its  usual  cheerfulness.  My  eye,  how- 
ever, was  caught  by  a  duskiness  in  the  south-east,  and  I  immediately  perceived  that 
it  was  the  eclipse-shadow  in  the  air,  travelliog  away  in  the  direction  of  the  shadow's 
path.  For  at  least  6  seconds  this  shadow  remained  In  sight,  far  more  conspicuous  to 
the  eye  than  I  had  anticipated  *." 

Mr.  J.  R.  Hind  watched  the  eclipse  at  Rsevelsberg,  near  Engel- 
hokn.     He  says:— 

"  The  moment  the  Sun  went  out  the  corona  appeared ;  it  was  not  very  bright,  but 
this  might  arise  from  the  interference  of  an  extremely  light  cloud  of  the  cirrus  class 

»  Mem.  R.A.S.,  vol.  xxi.  p.  5.    1853. 
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which  oyenpread  the  Son  at  the  time.  The  corona  was  of  the  colour  of  tarnished 
■ilyer,  and  its  light  seemed  to  flnctuate  considerably,  though  without  any  appearance 
of  revolving.  Rays  of  light,  the  aigrettes,  diverged  from  the  Moon's  limb  in  every 
direction,  and  appeared  to  be  shining  through  the  light  of  the  corona.  In  the  tele- 
scope many  roee-colonred  flames  were  noticed ;  one,  far  more  remarkable  than  the 
rest,  on  the  western  limb,  could  be  distinguished  without  any  telescopic  aid  ;  it  was 
curved  near  its  extremity,  and  continued  in  view  4  seconds  after  the  8un  had  dis- 
appeared, i.  e.,  after  the  extinction  of  '  Baily's  beads,'  which  phenomena  were  very 
conspicuous  in  this  edipse,  particularly  before  the  commencement  of  the  totality. 
In  this  case  they  were  clearly  to  be  attributed  to  the  existence  of  many  mountains 
and  valleys  along  the  Moon's  edge,  the  Sun's  light  shining  through  the  valleys  and 
between  the  mountain  ridges,  so  as  to  produce  the  appearance  of  luminous  drops  or 
beads,  which  continued  visible  some  seconds.  The  colour  of  the  '  flames'  was  a  full 
rose  red  at  the  borders,  gradually  fading  off,  towards  the  centres,  to  a  very  pale 
pink.  Along  the  southern  limb  of  the  Moon,  for  40°  or  upwards,  there  was  a 
constant  succession  of  very  minute  rose<KH>loured  prominences,  which  appeared  to 
be  in  a  state  of  undulation,  though  without  undergoing  any  material  change  of 
form.  An  extremely  fine  line,  of  a  violet  colour,  separated  these  prominences  firom 
the  dark  limb  of  the  Moon.  The  surface  of  our  satellite,  during  the  total  eclipse, 
was  purplish  in  the  telescope ;  to  the  naked  eye  it  was  by  no  means  very  dark,  but 
seemed  to  be  faintly  illuminated  by  a  purplish  grey  light  of  uniform  intensity,  on 
every  part  of  the  surface. 

"The  aspect  of  nature  during  the  total  eclipse  was  grand  beyond  description.  A 
diminution  of  light  over  the  Earth  was  perceptible  a  quarter  of  an  hour  after  the 
beginning  of  the  edipse ;  and  about  ten  minutes  before  the  extinction  of  the  Sun,  the 
gloom  increased  very  perceptibly.  The  distant  hills  looked  dull  and  misty,  and  the 
sea  assumed  a  dusky  appearance,  like  that  it  presents  during  rain ;  the  daylight  that 
remained  had  a  yellowish  tinge,  and  the  azure  blue  of  the  sky  deepened  to  a  purplish 
violet  hue,  particularly  towards  the  north.  But  notwithstanding  these  gradual 
changes,  the  observer  could  hardly  be  prepared  for  the  wonderful  spectacle  that 
presented  itself,  when  he  withdrew  his  eye  from  the  telescope,  after  the  totality  had 
come  on,  to  gase  around  him  for  a  few  seconds.  The  southern  heavens  were  then  of 
a  uniform  purple-grey  colour,  the  only  indications  of  the  Son's  position  being  the 
luminous  corona,  the  light  of  which  contrasted  strikingly  with  that  of  the  surrounding 
sky.  In  the  lenith  and  north  of  it,  the  heavens  were  of  a  purplish-violet,  and 
appeared  very  near ;  while  in  the  north-west  and  north-east,  broad  bands  of  yellowish 
crimson  light,  intensely  bright,  produced  an  effect  which  no  person  who  witnessed  it 
can  ever  forget  The  crimson  appeared  to  run  over  large  portions  of  the  sky  in  these 
directions,  irrespective  of  the  douds.  At  higher  altitudes  the  predominant  colour 
was  purple.  All  nature  seemed  to  be  overshadowed  by  an  unnatural  gloom.  The 
distant  hills  were  hardly  visible,  the  sea  turned  lurid  red,  and  persons  standing  near 
the  observer  had  a  pale  livid  look,  calculated  to  produce  the  most  painful  sensations. 
The  darkness,  if  it  can  be  so  termed,  had  no  resemblance  to  that  of  night.  At 
various  places  vrithin  the  shadow,  the  planets  Venus,  Mercury,  and  Mars,  and  the 
brighter  stars  of  the  first  magnitude,  were  plainly  seen  during  the  total  edipse. 
Venus  was  distinctly  seen  at  Copenhagen,  though  the  eclipse  was  only  partial  in  that 
city ;  and  at  Dantdc  she  continued  in  view  10  minutes  after  the  Sun  had  reappeared. 
Animals  were  frequently  much  affected.  At  Engelholm,  a  calf  which  conmienced 
lowing  violently  as  the  gloom  deepened,  and  lay  down  before  the  totality  had 
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coomieiioed,  went  on  feeding  quietly  enough  very  soon  after  the  return  of  daylight. 
Cocks  crowed  at  Elsinborg,  though  the  Sun  was  only  hidden  there  30  seoonds,  and 
the  birds  sought  their  resting-places,  as  if  night  had  come  on  ^*' 

Mr.  W.  Lassell,  who  stationed  himself  near  the  Trollhatten 
Falls,  thus  describes  the  total  obscuration : — 

*'  I  may  attempt,  but  I  cannot  accomplish,  an  adequate  description  of  the  manreUous 
appearances,  and  their  effect  upon  the  mind,  which  were  crowded  into  this  small 
space  of  3^  minotes, — an  interval  which  seemed  to  fly  as  if  it  were  composed  of 
seoonds  and  not  of  minutes !  Perhaps  a  naked-eye  observer  would  more  fully  grasp 
the  awfol  effect  of  the  sudden  extinguishment  of  light, — the  most  overpowering  of 
these  appearances, — for,  my  eye  being  directed  through  the  telescope,  I  must  have 
been  less,  though  sufficiently,  struck  with  the  unprecedented  sensation  of  such 
instantaneous  gloom.  The  amount  of  darkness  may  be  appreciated  from  the  fact 
that,  on  withdrawing  my  eye  from  the  telescope,  I  could  neither  see  the  second-hands 
of  my  watch,  nor  the  p*per  sufficiently  to  write  the  time  down ;  and  was  only  able 
to  do  so  by  going  to  the  candle,  which  I  had  by  me  burning  on  the  table.  Probably 
the  suddenness  of  the  gloom,  not  giving  time  for  the  expansion  of  the  pupil  of  the 
eye,  increased  the  sensation  of  apparent  darkness  ;  as  I  was  obliged  to  repair  close  to 
the  candle  for  the  requisite  light.  After  registering  the  time,  I  looked  out  for  a  few 
minutes  with  the  naked  eye  over  the  landscape,  north  and  south.  The  north  was 
dear,  and  the  line  of  horizon  could  be  distinctly  seen.  The  Sun,  covered  by  the 
Moon,  looking  like  a  blue  patch  in  the  sky,  had  now  the  corona  very  symmetrically 
formed  around  it ;  but  the  Moon  appeared  to  my  unassisted  eye  to  be  not  very  round 
or  smooth  at  its  edge, — more  as  if  one  had  rudely  cut  out  with  a  knife  on  a  board  a 
circular  disc  of  card, — the  edges  somewhat  jagged  and  irregular  in  outline. 

"The  corona  itself  was  perfectly  concentric  and  radiating,  some  of  the  rays 
appearing  in  some  parts  of  the  circumference  a  little  longer  than  in  others  ;  but  the 
inequality  was  not  great.  I  am  unable  to  say  whether  the  corona  when  Jlnt  found 
was  at  all  eccentric,  for,  as  it  is  evident  that  any  one  observing  with  a  telescope  up  to 
the  moment  of  obscuration  must  have  time  to  take  off  the  dark  glass  before  the 
corona  can  be  seen,  and  as  I  had  also  to  note  the  tim€f  the  centres  of  the  Sun  and 
Moon  must  have  been  pretty  closely  approximating  before  I  again  applied  the  eye  to 
the  telescope.  It  was  indeed  a  great  exercise  of  self-denial  to  spare  the  time  &om 
the  exciting  phenomena,  which  was  necessary  for  accurately  recording  the  duration 
of  total  darkness ;  but  being  inclined  to  think  such  record  would  be  disregarded  by 
many  observers,  I  took  my  resolution  to  secure  it.** 

The  writer  then  proceeds  to  say  that  Venus  was  the  only  object 
visible  to  the  naked  eye.  The  corona  he  describes  as  "  brilliant," 
and  he  considers  that  it  afforded,  speaking  roughly,  as  much 
light  as  the  Moon  usually  does  when  at  its  full. 

**  I  had  intended  to  direct  my  attention  pointedly  to  the  detection  of  the '  Red 
Flames,*  which  I  had  heard  described  as  but  faint  phenomena.  My  surprise  and 
astonishment  may  therefore   be   well   imagined   when    the    view  presented  itself 

''  6o/.  Si^st.,  p.  71. 
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instantly  to  my  eye  as  I  am  about  to  describe,  or  rather  to  attempt  to  give  a 
notion  of. 

"  In  the  middle  of  the  field  was  the  body  of  the  Moon,  rendered  visible  enough  by 
the  light  of  the  corona  aronnd,  attended  by  the  apparent  projections  from  behind  the 
Moon  of  which  I  have  attempted  to  sketch  the  positions.  The  effect  upon  my  own 
mind  of  the  awful  grandeur  of  the  spectacle  I  feel  I  cannot  fully  communicate.  The 
prominences  were  of  the  most  brilliant  lake  colour, — a  splendid  pink,  quite  defined 
and  hard.  They  appeared  to  me  to  be  not  quiescent ;  but  the  Moon  passing  over 
them,  and  therefore  exhibiting  them  in  different  phase,  might  convey  an  idea  of 
motion.  They  are  evidently  to  my  senses  belonging  to  the  Sun  and  not  at  all  to  the 
Moon ;  for,  especially  on  the  western  side  of  the  Sun,  I  observed  that  the  Moon 
passed  over  them,  revealing  successive  portions  of  them  as  it  advanced.  In  conformity 
with  this  observation  also,  I  observed  only  the  summit  of  oney  on  the  eastern  side, 
though  my  friends  observing  in  adjoining  rooms  had  seen  at  least  two :  the  time 
occupied  by  my  noticing  the  time  and  observing  with  the  naked  eye  not  having 
allowed  me  to  repair  again  to  the  telescope  until  the  Moon  had  covered  one,  and 
three-fourths  of  the  other.  The  point  of  the  Sun*s  limit  where  the  principal '  flame  * 
appeared  was  (I  judged)  a  few  degrees  south  of  the  place  where  the  cluster  of  spots 
was  situated,  and  the  flame  which  I  observed  on  the  eastern  limb  was  almost  exactly 
where  the  eastern  spot  was  situated.  As,  however,  some  prominences  appeared 
adjacent  to  parts  of  the  Sun*s  limit  not  usually  traversed  by  spots,  the  attempt  to 
trace  a  connexion  fails.    The  first  burst  of  light  &om  the  emergent  Sun  was  exactly 

in  the  place  of  the  chief  western  flame,  which  it  instantly  extinguished. 

From  the  varying  lengths  of  the  red  flames  it  is  difficult  to  give  an  accurate  estima- 
tion of  their  magnitude;  but  the  extreme  length  of  the  largest,  on  the  western 
limb,  may  have  been  about  2\'.  This  estimation  is  rather  rude,  as  I  was  so 
absorbed  in  contemplating  their  general  phenomena  that  I  had  not  time  for  exact 
measurement  <^.** 

<^  Mem.  B.A.S.,  vol.  xxi.  p.  47.    1853. 
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CHAPTER    IV. 


THE  ANNULAR  ECUP8E  OF  THE   SUN 
OP  MARCH   H-15,  1868. 


Kg.  i». 


frnnnary  qf  oburvaliont  >•  England, 

OF  the  different  eclipses  which  have  from  time  to  time  been 
viflible  in  England,  few  have  attracted  auch  intereet  and  at- 
tention among  all  classes  of  society  as  that  of  March  14-15, 1858. 
Though  bad  weather  in  most 
caaes  interrupted  or  altogether 
prevented  observations,  yet  many 
instructive  features  were  noticed. 
The  line  of  central  and  annular 
eclipse  passed  across  England 
A-om  Lyme  Regis,  in  Dorsetshire, 
to  the  Wash,  between  Lincoln- 
shire and  Norfolk,  traversing 
portions  of  Somersetshire,  Wilt- 
shire, Berkshire,  Oxfordshire, 
and  Northamptonshire.  The 
following  summary  of  the  obser- 
vations made,  drawn  up  by  Mr.  Glaisher,  will  be  read  witik 
interest : — 

"  From  Tttanu  received  betwecD  Braemftr  *Dd  the  Clumnel  Itlmndi,  from  30  to  40 
in  numbeT,  it  U  ihewn  that  the  deprouioD  of  tempantun  daring  tho  soIipM  wu 
Bbont  li"  >t  (taUoni  north  of  the  line,  and  nearl;  3°  at  itatioiu  on  and  Mnilh  of 
the  line  of  central  eclipee  ;  that  at  placa  where  the  uiual  diurnal  inoreate  had  taken 
plaoe  in  the  morning  the  daprenioD  of  temperature  during  the  eollpee  <rai  greater : 
and  that  at  placet  where  lucb  increau  had  not  taken  plaoe  it  »■>  lew  than  the 
V    2 
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ftbove  numben.  AIbo  that  at  places  where  the  sky  was  uniformly  doady  during 
the  day  the  decrease  in  the  readings  of  a  black  bulb  thermometer  was  less  than  1 2°, 
while  at  places  where  the  sky  was  partially  clear  the  depression  was  from  17°  to 
19°,  and  that,  what  temperature  soever  the  black  bulb  thermometer  indicated  in 
the  morning,  it  fell  during  the  eclipse  to  that  of  the  temperature  of  the  air  at  all 
places. 

"  The  humidity  of  the  air  was  such  that  at  places  north  of  the  line  the  wet  bulb 
thermometer  read  3*6^  less ;  and  on  and  near  the  line  the  depression  was  3*3°,  and 
south  of  it  was  37^  below  the  adjacent  dry  bulb  thermometer. 

"  At  some  places  the  humidity  of  the  air  increased  at  the  time  of  the  greatest 
eclipse,  but  this  was  (ax  frt>m  being  universal. 

**  The  sky  was  partially  clear  at  some  places  on  the  east  and  south  coasts,  in  the 
Channel  Islands  and  north  of  Scotland,  and  it  was  for  the  most  part  overcast  else- 
where. Near  the  southern  extremity  of  the  central  line  the  sky  was  partially  dear, 
and  at  its  northern  extremity  near  Peterborough  the  clouds  were  broken ;  at  most 
intermediate  places  the  sky  was  wholly  overcast.  The  complete  ring  was  seen  at 
Charmouth,  and  neighbourhood  near  Lyme  Regis,  and  at  Peterborough,  but,  so  far  as 
I  can  learn,  at  no  other  places.  My  own  station  was  on  the  calculated  line  of  central 
eclipse,  near  Oundle,  in  Northamptonshire,  and  here  I  saw  the  Moon  and  Sun's 
i^parent  upper  limb  coincident,  or  very  nearly  so,  and  therefore  that  I  was  situated 
on  or  very  near  the  northern  limit  of  annularity,  but  distant  frY>m  the  centre  line  by 
3  or  4  miles. 

"  It  is  very  much  to  be  regretted  that  the  unfavourable'  weather  precluded  the 
witnessing  the  very  beautiful  attendant  phenomena  upon  large  solar  eclipses.  The 
time  of  year  was  unfavourable  to  all  optical  effects — whether  of  light  and  shade  or 
colour,  independently  of  the  particular  character  of  the  day,  which  was  more  fatal 
still  to  their  exhibition,  for  even  where  the  Sun  was  visible  their  presence  was  only 
feebly  indicated  at  a  few  parts  of  the  country. 

"  At  Oundle  the  weather  for  some  time  previous  to  the  commencement  of  the 
eclipse  was  raw  and  ungenial  for  the  time  of  year.  The  wind  was  gusty  and  the  sky 
overcast,  chiefly  with  cirro-stratus,  and  dark  scud  hurrying  past  the  Sun*s  place  frt>m 
the  north-west,  the  douds  occasionally  giving  way  and  allowing  the  Sun  to  be  visible 
by  glimpses.  Shortly  after  i  o'dock  the  sky  became  uniformly  overcast,  and  a  small 
steady  rain  set  in  for  a  considerable  time. 

"  It  was  long  before  any  sensible  diminution  of  light  took  place.  At  1 3^  39™  a 
gloom  was  for  the  first  time  perceptible  to  the  north,  and  the  crescent  of  the  Sun 
shone  out  with  a  bright  white  light  between  breaks.  At  o^  43°^  the  gloom  was 
general,  excepting  around  the  Sun,  which  appeared  the  centre  of  a  cirde  of  light,  and 
illuminated  with  fine  effect  some  bold  irregular  masses  of  cumulus  in  its  vicinity.  At 
o^  451B  the  gloom  increased,  slight  rain  fell,  and  the  wind  rose,  birds  were  heard 
chirping  and  calling.  At  o^  53''  a  severe  storm  might  have  been  supposed  impending, 
and  numerous  birds  were  flying  homewards.  The  deepening  of  the  gloom  was  gradual 
but  very  slow,  and  between  i'^  and  i^  1°^  was  at  its  greatest  intensity ;  but  even  at 
this  time  the  obscurity  was  not  sufficient  to  require  that  any  employment  should  be 
suspended.  Messrs.  Adams  and  Symons,  situated  five  feet  from  a  shed  in  an 
adjoining  brickfield,  spoke  of  the  gloom  as  very  intense  for  a  period  of  10  seconds, 
and  sufficient  to  render  it  difficult  to  take  the  readings  of  the  thermometer.  A  body 
of  rooks  rose  from  the  ground  at  this  moment  and  flew  homewards ;  a  flock  of 
starlings  rose  together,  and  various  small  birds  flew  wildly  about ;  a  hare  was  seen 
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to  ran  acrou  a  neighbouring  field,  as  though  it  were  daybreak ;  straw  rnitled,  and  the 
silence  was  peculiar  and  intense.  The  darkness  and  lull  was  that  of  an  approaching 
thunder-storm.  Directly  after  the  greatest  intensity  the  gloom  was  sensibly  and 
instantaneously  diminished,  and  the  day  was  speedily  restored  to  its  ordinary 
appeajrance. 

"After  o^^  50*"  the  lark  ceased  to  rise,  and  did  not  sing;  at  i^  lo"  it  rose  again. 
The  collected  information  tends  to  shew  that  birds  and  animals,  but  particularly 
the  former,  were  affected  in  some  degree  in  most  places ;  and  that  it  is  probable  to 
suppose  the  gloom  was  referred  by  them  to  the  approach  of  evening,  and  this  not  so 
much  from  the  fact  of  the  gloom  as  firom  the  manner  of  its  approach,  without  the 
accompanying  signs  of  atmospheric  disturbance  which  usher  in  a  storm,  and  to  which 
birds  and  animals  are  keenly  sensitive. 

"  All  over  the  country  rooks  seem  to  have  returned  to  their  rookeries  during  the 
greatest  obscuration ;  starlings  were  seen  in  many  places  taking  flight,  whole  flocks 
of  them  together.  At  Oxford  Dr.  Collingwood  remarked  that  a  thrush  commenced 
its  evening  song.  At  Grantham  pigeons  returned  to  their  cote.  At  Ventnor  Dr. 
Martin  notes  the  fact  that  a  fish  confined  in  an  aquarium,  and  ordinarily  visible  at 
evening  only,  was  in  full  activity  about  the  time  of  the  greatest  gloom.  In  Greenwich 
Park  the  birds  were  hushed  and  flew  low  from  bush  to  bush,  and  at  nearly  all  places 
the  song  of  many  birds  was  suspended  during  the  darkness.  At  Gampden  Hill  H  was 
observed  that  the  crocus  closed  about  the  same  time,  and  at  Teignmouth  that  its 
colour  changed  to  that  of  the  pink  hepaUca. 

"The  darkness  was  not  sufficient  at  any  place  to  prevent  moderate-siaed  print 
being  read  at  any  convenient  distance  from  the  eye  out  of  doors,  but  a  difficulty  was 
sometimes  experienced  in  reading  the  instruments.  At  Grantham  the  darkness  b 
described  to  have  been  about  equal  to  the  usual  amount  of  light  an  hour  before 
sunrise ;  near  Oxford  as  about  equal  to  that  just  after  sunset  on  a  cloudy  day.  The 
general  impression  communicated  was  that  of  an  approaching  thunder-storm.  The 
sudden  clearing  up  of  the  gloom  after  the  greatest  phase  was  likened  by  more  than 
one  observer  to  the  gradual,  but  somewhat  rapid  withdrawal  of  a  curtain  from  the 
window  of  a  darkened  room.  The  darkness  is  described  to  have  been  generally 
attended  by  a  sensation  of  chilliness  and  moisture  in  the  air.  At  Oxford  the  clouds 
surrounding  the  Sun  were  beautifully  tinted  with  red,  which  merged  into  purple  as 
the  obscuration  increased.  At  Grantham  as  the  eclipse  progressed  the  light  became 
of  a  decided  grey  cast,  similar  to  that  of  early  morning,  but  at  the  time  of  the 
greatest  gloom  it  had  a  strong  yellow  tinge.  At  Teignmouth  the  diminution  of  light 
was  very  great;  the  sombre  tints  of  the  clouds  became  much  deepened,  and  the 
remaining  light  thrown  over  the  landscape  was  lurid  and  unnaturaL  At  Green- 
wich the  appearance  of  the  landscape  changed  from  a  dull  white  to  a  leaden,  and  then 
to  a  slate-coloured  hue ;  and  as  the  darkness  increased  it  had  much  the  appearance 
of  a  November  fog  closing  in  on  all  sides.  At  WAkefield  the  tints  of  the  clouds 
changed  from  the  grey  slate  colour  of  clouds  in  a  storm,  and  became  of  a  purple  hue. 
At  Oundle,  my  own  station,  the  clouds  were  one  uniform  leaden  grey  or  slate-colour, 
and  quite  in  accordance  with  the  general  character  of  the  day,  nor  could  I  perceive 
that  the  clouds  appeared  lower,  or,  in  fact^  that  there  was  Any  very  noticeable  de- 
parture from  the  gloom  we  constantly  experience  during  dull  winter  weather. 
Throughout  the  eclipse  it  occurred  to  me  that  the  illuminating  power  of  the  Sun  was 
much  more  than  might  have  been  supposed  commensurate  with  the  unobeeured 
portion  of  the  disc.     When  casual  breaks  permitted  it  to  be  visible  the  illuminated 
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crescent  up  to  the  time  of  the  greatest  phase  emitted  beams  of  considerable  brilliancy, 
which  mailed  out  a  luminous  track  in  the  gloom,  and  were  clearly  and  well  defined 
in  extent  and  fignre.  As  the  edijise  proceeded  a  decided  change  was  to  be  observed 
in  the  colour  of  the  Son  itself,  which  became  of  a  pore  idlvery  brightness,  like  that 
of  Venus  after  inferior  conjunction  with  the  Sun.  The  absence  of  all  colour  in  the 
light  was  remarkable^  and  at  the  time  when  the  annulns  was  nearly  formed  it 
appeared  like  a  line  of  silver  wire.  The  departure  from  the  usual  amount  of  light  we 
are  accustomed  to  receive  on  an  ordinarily  dull  day  during  the  greater  part  of  the 
eclipse  was  so  inconsiderable,  that  we  might  infer  approximately  the  real  amount  of 
Sun  our  average  daylight  under  a  cloudy  sky  is  equivalent  to. 

"As  a  photometric  test  during  the  edipse,  strips  of  photographic  paper  were 
exposed  for  equal  intervals  of  time  every  5  minutes.  The  result  was  a  scale  of  tints 
which  exhibited  clearly  the  diminishing  intensity  of  the  light  up  to  the  period  of 
greatest  obscuration,  and  the  rapid  increase  beyond.  The  range  of  tints  is  low,  owing 
to  the  cloudy  state  of  the  sky,  but  this  does  not  interfere  with  the  proportionate 
depths  of  tint ;  the  time  of  greatest  darkness  is  distinctly  shewn  by  the  very  feeble 
discoloration  of  the  paper.  The  instruments  used  at  Oundle  were  made  specially 
for  those  observations,  and  were  of  a  very  delicate  and  accurate  construction ;  the 
meteorological  observations  were  made  by  Messrs.  Adams  and  Symons. 

"  In  conclusion,  I  beg  sincerely  to  thank  those  genUemen  wliose  returns  have  si^ 
plied  the  data  for  this  investigation,  of  which  we  may  say,  literally  as  well  as 
figuratively,  that  it  exhibits  only  the  faint  outline  of  facts  dimly  visible  through  a 
screen  of  clouds.  I  think,  however,  it  is  reasonable  to  infer  that  the  great  paucity  of 
effects  and  general  phenomena  witnessed  even  in  places  where  the  Sun  was  visible,  is 
due  to  the  conditions  of  the  atmosphere,  attributable  alike  to  climate,  time  of  year, 
and  unfavourable  weather,  and  should  by  no  means  lessen  our  confidence  in  previous 
accounts  of  the  grandeur  and  beauty  of  the  attendant  phenomenon  upon  solar  edipsee. 
Optical  phenomena,  we  all  know,  are  dependent  upon  the  medium  through  which  we 
view  them  for  the  nature  and  power  of  the  effects  produced." 

Defective  as  this  record  is,  from  a  scientific  point  of  view, 
owing  to  the  unfavourable  weather  having  so  generally  inter- 
fered with  observations,  yet  it  has  some  interest  to  Englishmen 
by  reason  of  the  fact  that  phenomena  of  this  character  are  so 
rarely  visible  in  England. 
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CHAPTER    V. 

THE   TOTAL   ECLIPSE   OF  THE   SUN 

OF  JULY   18,  1860. 


EjrtnMetsfrom  the  observations  of  Sir  G.  B.  Airy. — Observations  of  the  RedFlamtee 

by  Bruhns.^ Meteorological  observations  by  Lowe, 

THE  total  eclipse  of  July  18,  i860,  presented  some  noticeable 
features  :  it  owed  its  interest  to  the  agreeable  circumstances 
connected  with  it',  and  its  importance  to  the  very  extensive 
observations  which  were  made  by  many  astronomers  in  Europe, 
Africa,  and  America. 

Sir  G.  B.  Airy  stationed  himself  at  the  village  of  Pobes 
in  the  North  of  Spain.  From  his  memoir^  I  make  the  following 
extracts : — 

'*  On  the  progre^  of  the  eclipse  I  have  nothing  to  remark,  except  that  I  thought 
the  singular  darkening  of  the  landscape,  whose  character  is  peculiar  to  an  edipee, 
to  be  sadder  than  usual.  The  cause  of  this  peculiar  character  I  conceive  to  be  the 
diminution  of  light  in  the  higher  strata  of  the  air.  When  the  Sun  is  heavily  clouded, 
still  the  upper  atmosphere  is  brilliantly  illuminated,  and  the  diffused  light  which 
comes  from  it  is  agreeable  to  the  eye.  But  when  the  Sun  is  partially  eclipsed,  the 
illumination  of  the  atmosphere  for  many  miles  round  is  also  diminished,  and  the  eye 
is  oppressed  by  the  absence  of  the  light  which  usually  comes  from  it. 

"  I  had  a  wax  candle  lighted  in  a  lantern,  as  I  have  had  at  preceding  total  eclipses. 
Correcting  the  appreciations  of  my  eye  by  reference  to  this,  I  found  that  the  dark- 
ness of  the  approaching  totality  was  much  less  striking  than  in  the  eclipses  of  184a 
and  1 85 1.  In  my  anxiety  to  lose  nothing  at  the  telescope  I  did  not  see  the  approach 
of  the  dark  shadow  through  the  air ;  but,  from  what  I  afterwards  saw  of  its  retreat, 
I  am  sure  it  must  have  been  very  awful.*' 

*  It  is  to  the  Himalaya  expedition  to  Spain  that  allusion  is  here  made. 
^  M*mth.  Xot.,  vol.  xxi.  p.  9.     Nov.  i860. 
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After  describing  the  Red  Flames  he  says : — 

**  I  may  take  this  opportunity  of  stating,  that  the  colour  of  these  appearances  was 
not  identical  with  that  which  I  saw  in  1843  and  1851.  The  quality  of  the  colour 
was  precisely  the  same  (full  blush-red,  or  nearly  lake),  but  it  was  diluted  with  white, 
and  more  diluted  at  the  roots  of  the  prominences  close  to  the  Moon*s  limb  than 
in  the  most  elevated  points. 

"  About  the  middle  of  the  totality  I  ceased  for  awhile  my  measures,  in  order  to 
view  the  prospect  with  the  naked  eye.  The  g^eneral  light  appeared  to  me  much 
greater  than  in  the  eclipses  of  184a  and  1851  (one  cloudy,  the  other  hazy),  perhaps 
10  times  as  grent;  I  believe  I  could  have  read  a  chronometer  at  the  distance  of 
I  a  inches ;  nevertheless,  it  was  not  easy  to  walk  where  the  ground  was  in  the  least 
uneven,  and  much  attention  to  the  footing  was  necessary.  The  outlines  of  the  moun> 
tains  were  clear,  but  all  distances  were  totally  lost ;  they  were  in  fact  an  undivided 
mass  of  black  to  within  a  small  distance  of  the  spectator.  Above  these,  to  the  height 
perhaps  of  6°  or  8°,  and  especially  remarkable  on  the  north  side,  was  a  brilliant 
yellow  or  orange  sky,  without  any  trace  of  the  lovely  blush  which  I  saw  in  1851. 
Higher  still,  the  sky  was  moderately  dark,  but  not  so  dark  as  in  former  eclipses. 
The  corona  gave  a  considerable  body,  but  I  did  not  remark  either  by  eye-view  or 
by  telesoope-view  anything  annular  in  its  structure ;  it  appeared  to  me  to  resemble, 
with  some  irregularities  (as  I  stated  in  1851),  the  ornament  round  a  compass  card. 
But  the  thing  which  struck  me  most  was  the  great  brilliancy  of  Jupiter  and  Procyon 
so  near  the  Sun.  It  was  impossible  that  they  could  have  been  seen  at  all,  except 
under  the  circumstance  of  total  absence  of  illumination  on  that  part  of  the  atmosphere 
through  which  the  light  passed.  I  returned  to  my  measures,  but  I  was  soon  sur- 
prised by  the  appearance  of  the  scarlet  sierra,  announcing  the  approach  of  the  Sun*s 
limb.  It  disappointed  me,  for  I  had  reckoned  on  a  much  longer  time.  All  our 
party  who  were  aware  of  the  predicted  duration  fully  believed  that  it  must  have  been 
very  erroneous.  How  the  time  passed  I  cannot  tell.  The  Sun  at  length  appeared, 
extinguishing  the  sierra,  but  the  prominence  and  cloud  remained  visible,  and  my  last 
measures  were  taken  after  reappearance.  The  prominences,  &c.  were  then  rapidly 
fading,  and  I  quitted  the  telescope,  not  without  the  feeling  that  I  bad  not  done  all 
that  I  had  intended  or  hoped  to  do.** 

The  Red  Flames  were  seen,  and  described  by  many  of  the  ob- 
servers ;  the  account  given  by  M.  Bruhns  is  the  most  complete*^. 
He  says : — 

''Just  before  the  totality,  there  was  visible,  on  the  western  border  of  the  Moon, 
only  one  protuberance  and  the  corona ;  but  as  the  last  rays  of  the  Sun  disappeared, 
more  protuberances  started  out  on  the  eastern  side,  and  the  corona  shone  forth  with 
an  intense  white  light,  so  lustrous  in  hci  as  to  dim  the  protuberances.  I  remarked 
that  I  saw  them  better  when  a  dear  red  glass  was  held  before  my  eye. 

*'  During  the  totality  I  sketched  4  drawings,  and  also  measured  off  the  position- 
angles  of  the  differrat  protuberances,  counting  rojnd  the  circle  from  the  north  point 
through  the  east,  &c. 

**The  figure  marked  [Fig.  141.  PI.  XIX]  was  drawn  during  the  first  minute  of 
the  totality.    The  first  protuberance  is  the  one  already  mentioned ;  its  pivition-angle 

*  JH,  Xnck.,  vol.  liv.  No.  1292.    Jan.  a  J.  1861. 
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WM  35%  the  length  of  its  base  i  j'  or  2',  and  its  height  about  the  same.    The  summit 
WM  somewhat  emnred,  of  an  intense  rose  oolour,  but  a  little  paler  at  the  apex. 

"The  Moood  proinberanoe,  situated  at  60°,  was  completely  separated  from  the 
Moon,  then  being  between  them  an  interval  of  y.  For  part  of  its  extent  it  was 
parallel  to  the  Moon's  border,  it  then  deviated  from  it,  and  ended  in  a  point.  Its 
length  was  z|'  or  a',  its  height  about  y,  and  of  a  rose-colour. 

"The  third  protaberanoe,  having  a  position-angle  of  75°,  resembled  a  mountain, 
and  had  a  base  of  i|',  and  a  height  of  fully  j'.  Extending  onwards  fw  50°  from  this 
pnioberaiioe  was  a  narrow  fringe,  first  of  a  pale  red,  but  a  few  seconds  afterwards  it 
eame  over  a  qplendid  rose  colour,  and  of  a  height  of  about  |',  which  soon  narrowed 
as  the  Moon  passed  over  it,  until  at  length  it  was  quite  covered. 

^  A  fourth  protuberance  existed  at  155° ;  its  base  was  not  more  than  |',  but  the 
height  was  as  much  as  l  y.  It  had  a  hooked  form  with  the  curve  trending  northwards, 
and  likewiae  of  a  rose  colour. 

"During  no  part  of  the  totality  were  there  any  protuberances  visible  in  the 
sootheni  part  of  the  Sun*s  disc. 

"In  the  second  minute  the  above-described  protuberances  became  gradually 
■mailer;  with  the  exception  of  the  first,  which  retained  its  magnitude  and  figure 
almost  unchanged.  The  above-described  unattached  protuberance  [No.  a]  was 
reached  by  the  Moon,  and  became  gradually  covered.  By  the  end  of  the  second 
minute  the  fringe  was  entirely  covered,  and  at  this  juncture,  on  turning  to  examine 
the  western  border  of  the  Moon,  I  perceived  several  protuberances,  not  previously 
visible. 

"The  protuberance  situated  at  a6o'',  which  I  will  call  No.  5,  had,  at  the  beginning 
of  the  second  [third  ?]  minute,  only  a  base  of  y,  and  about  the  same  height,  the 
colour  being  rose. 

"  Between  a7o°  and  300°  extended  a  second  streak  about  Y  in  height. 

"  A  sixth  protuberance  was  visible  at  310°,  having  a  1>a0e  of  2',  and  a  height  of  }'. 

"  Lastly,  I  found  at  340°  a  seventh  protuberance,  having  a  base  of  i',  and  a  height 
of  I',  and  of  a  rose  colour,  like  all  the  preceding. 

"On  direoUng  my  attention  to  the  first  protuberance  (the  one  at  35°),  I  fancied  it 
had  grown  considerably  larger.  The  sharp  edge,  first  Been,  had  disappeared,  and  for 
a  hei^t  of  3'  or  4'  flaming  rays  could  be  discerned,  the  colour  (at  the  base  a  bright 
roie)  was,  at  the  top,  hardly  perceptible,  but  seemed  to  fade  off  and  become  merged 
in  the  corona. 

"After  I  had  observed  these  for  about  half  a  minute,  without  perceiving  any 
alteration,  I  quitted  the  telescope  to  observe  the  corona  and  the  sky  for  a  short  time 
with  the  naked  eye.  The  Mack-looking  Moon  was  surrounded  by  a  crown  of  clear 
light  of  unequal  breadth.  Below  [8.]  it  was  considerably  greater  than  above  [N.]. 
I  estimated  that  in  the  former  case  it  was  f "",  in  the  latter  about  J"",  and  the  general 
appearance  of  the  thing  gave  me  the  idea  that  the  Moon  was  eccentrically  placed  in 
the  corona. 

"  The  general  form  of  the  corona  appeared  circular,  but  on  the  eastern  side  a  long 
ray  shot  out  to  a  distance  of  about  1° ;  the  breadth  of  its  base  was  3',  but  it  Upered 
down  to  about  ij'.  During  the  10  seconds  that  my  attention  was  directe<l  to  it, 
neither  the  direction  nor  the  length  of  the  ray  altered ;  its  light  was  considerably 
feebler  than  that  of  the  corona,  which  was  of  a  glowing  white,  and  seemed  to 
coruscate  or  twinkle. 
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''With  the  naked  eye  I  eMilj  saw  Venas  and  Japiter,  the  former  being  macb 
brighter  than  the  latter.  Althoagh  I  knew  wbereabonts  Procyon,  Caitor,  Pollux, 
Mercury,  and  Saturn  were,  yet  in  the  few  seconds  available  for  seeking  for  them  I 
failed  to  find  them. 

"  My  assistant,  M.  Anerbach,  who  observed  the  oorona,  and  searched  for  the  stars 
during  a  longer  period  than  I  did,  noticed  in  the  south-western  quadrant  a  carved  ray 
about  tV°  in  length,  which  I  in  my  hurry  probably  overlooked.  He  also  saw  Pollax, 
and  another  person  saw  Castor ;  but,  as  fiur  as  I  am  aware,  no  more  than  the  above  4 
objects  were  seen  by  any  person  in  Tarragona. 

"  Towards  the  end  of  the  3"^  minute  of  the  totality,  I  again  looked  through  tlw 
telescope,  and  made  the  drawing  [Fig.  14a,  PI.  XIX].  The  western  protuberaiuM 
had  altered  considerably  since  the  2"^  minute ;  the  one  at  35^  had  regained  hs  orighkal 
fnrm  and  size,  the  flaming  rays,  previously  spoken  of,  having  disappeared.  The  pro- 
tuberance in  340^  had  become  much  larger,  the  length  of  its  base  being  now  about  a', 
and  the  height  i\'.  The  red  streak  extending  from  270°  to  300^  had  prolonged  Htelf 
so  as  to  take  in  the  protuberance  at  310°  [No.  6],  and  had  altogether  now  a  length  of 
50°,  its  height  having  also  become  augmented  from  |'  to  i',  and  its  colour  being  an 
intense  rose.  The  protuberance  at  260°  [No.  5]  was  now  separated  by  aboot  ^ 
firom  the  Moon,  its  breadth  being  nearly  1',  and  its  height  j'.  Finally,  at  240^  a  m&w 
and  small  protuberance  had  started  into  view,  its  base  and  height  were  both  aboot  \\ 
and  rose-^xiloured. 

"  As  the  end  of  the  totality  advanced  so  the  protuberances  became  less  distiiiel, 
the  colour  became  brighter,  and  immediately  after  the  3^*^  minute  of  totality  the  pro- 
tuberances at  240®  and  260°  disappeared ;  the  fringe  extending  itself  to  a  lei^fth  of 
more  than  90°,  its  height  being  i|',  and  embraced  all  the  protuberances  up  to  aiD 
angle  of  35°.  On  the  first  appearance  of  the  solar  rays  all  suddenly  vanished,  wHh 
the  exception  of  the  first  protuberance,  which  for  some  time  afterwards  remained 
visible  in  the  thin  red  glass." 

Meteorology  was  not  unrepresented  in  Spain,  for  Mr.  E.  J. 
Lowe,  at  Fuente  del  Mar,  near  Santander,  with  2  assistants, 
during  a  period  of  5  hours,  made  upwards  of  4000  observations. 
The  following  is  an  abstract  of  Mr.  Lowe's  results,  in  his  own 
words : — 

"  Conmiencing  with  underground  temperature,  a  thermometer  placed  6  inches  below 
the  surface  of  the  ground  ranged  between  67-9°  and  70-7%  i.e.  2-8° ;  at  this  depth 
the  eclipse  was  not  sensibly  felt,  whereas  other  thermometers,  placed  4  inches, 
2  inches,  1  inch,  and  }  an  inch  below  the  surface,  all  exhibited  in  a  very  marked 
manner  the  effect  of  the  eclipse.  On  the  grass  the  temperature  feU  to  64°  at  3^  5"* ; 
at  J  inch  below  the  surface^  to  69°  at  3**  15™ ;  at  i  inch  deep,  to  69.5°  at  3*  25"*;  at 
2  inches,  to  71**  at  3*  55"  ;  at  4  inches,  to  707°  at  4*  30*"  P.M. 

"The  temperature  on  the  grass  was  775'^  at  noon,  rising  to  91-7°  at  i^  50™,  and 
then  falling  till  3*>  5™,  and  again  rising  to  85"  at  4**  lo",  giving  a  range  of  2 7. 7°.  At 
half  an  inch  below  the  surface  of  the  ground  the  temperature  rose  till  i^  55™  p.m., 
when  it  was  78.5°,  and  then  gradually  fell  to  69^,  rising  again  to  74. 7°  at  4''  30™  p.m., 
the  range  being  9-5°.  At  i  inch  below  the  surface  the  temperature  rose  till  i*»  55™  to 
76. 2°,  fell  till  3*'  25"  to  69.5",  and  rose  till  4'*  55™  to  747°,  the  range  being  67^     At 
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a  inches  below  the  surface  the  temperature  rose  till  a^  5™  to  74-4°,  then  fell  till 
3'  55"*  to  71-0°,  wid  afterwards  rose  till  4*  55"  to  73-7°,  the  range  being  34°;  and  at 
4  inches  below  the  surface  the  temperature  rose  till  a^  50"^  to  73°,  then  fell  till  4^  30™ 
to  70-7°,  and  again  rose  till  6^  p.m.  to  73*a°,  the  range  being  3-5°. 

"  The  greatest  cold  on  the  ground  occurred  between  3^  and  3^  5™  p.  M. ;  ditto,  )  an 
inch  below  surface,  3**  10™  and  3**  15"  p.m.  ;  ditto,  i  inch,  3^  ao"  and  3^  as"  p.m.  ; 
ditto,  2  inches,  3^  50"  and  3^  55™  p.m. ;  ditto,  4  inches,  4»»  35"  and  4**  30"  p.m. 
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''The  barometer  rose  from  i*>  40"^  till  a^^  10™  o-ooa  inch,  then  fell  till  3^  5">  0-0017 
inch,  and  rose  till  end  of  eclipse,  0-009  ^^ch, 

"Intensity  of  photographic  light,  from  salted  papers  conveyed,  sensitised,  in 
Marion*s  dark  box,  exposed  for  10  seconds  (with  a  scale  of  from  o  to  5°),  at  the 
commencement  of  the  eclipse,  4^*^  becoming  4°  at  a^  5™,  3°  at  a^  15™,  a°  at  a^  35™, 
1°  at  a^  40»n,  I"*  at  a^  50",  1°  at  2^  55«  (clear  about  Sun),  |°  at  3^  1°  at  3*»  5«», 
a°  at  3^  a5™,  j|°  at  3*  40"',  3°  at  3**  50™,  and  4°  at  4**.  During  totality  a  paper  exposed 
for  I  minute  gave  }°. 

"  The  wind  was  N.W.  and  N.N.W.  till  4^  ao",  then  W.S.W.,  being  S.W.  at  4»»  35", 
and  South  at  4^  45".  The  wind  was  brisk  at  the  conmiencement  of  the  eclipse,  quite 
a  calm  during  totality,  and  a  gentle  breeze  afterwards.  The  distant  prospect  was 
very  clear,  except  during  totality,  when  the  mountains  disappeared,  and  only  near 
objects  were  visible. 

"  The  clouds,  which  were  chiefly  cumuli,  diminished  in  amount  till  i^  50™,  when 
only  ^  of  the  sky  was  overcast,  then  increased  till  a^  35""  with  much  dond  till 
3^  55*")  then  again  diminished  to  1^  at  the  termination  of  the  eclipse,  the  range 
being  ^  of  the  whole  sky.  Towards  totality  some  of  the  cumuli  became  scud,  which 
lasted  from  a^  5*°  to  3*>  10™,  giving  the  strongest  impression  that  the  change  was  due 
to  the  eclipse. 

"The  morning  was  fine,  and  from  la^  45'c  p.m.  sunshine;  at  i'^  a5">  much  open  sky 
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about  the  zenith;  at  2^^  15™  a  blackness  aboat  W.  horizon,  and  slightly  so  in  N. 
and  S. ;  at  a^  30"*  the  hills  dark,  and  the  blue  sky  in  N.  and  £.  very  pale  in  colour; 
at  a^*  35™,  hills  dark,  with  a  blue  haze  among  the  more  distant  mountains;  at 
jb  ^o™,  horizon  due  W.  pink ;  at  a^  45™,  clear  sky,  in  N.  pink ;  at  a^  51™,  splendid 
pink  in  W.  horizon,  warm  purple  in  summits  of  mountains  in  S.,  dear  sky,  in  N. 
deep  lilac,  and  in  £.  very  pale  blue ;  at  1^  57™,  rapid  change,  the  clear  sky  in  N. 
deep  marine  blue  with  a  red  line. 

"  Before  totality  commenced,  the  colours  in  the  sky  and  in  the  hills  were  magnificent 
beyond  all  description ;  the  clears  sky  in  N.  assumed  a  deep  indigo  colour,  while  in 
the  W.  the  horizon  was  pitch  black  (like  night).  In  the  £.  the  dear  sky  was  very 
pale  blue,  with  orange  and  red,  like  sunrise,  and  the  hills  in  S.  were  very  red ;  on  the 
shadow  sweeping  across,  the  deep  blue  in  N.  changed  like  magic  to  pale  sunrise  tints 
of  orange  and  red,  while  the  sunrise  appearance  in  £.  had  changed  to  indigo.  The 
colours  increased  in  brilliancy  near  th^  horizon,  overhead  the  sky  was  [of  a]  leaden 
[hue].  Some  white  houses  at  a  little  distance  were  brought  nearer,  and  assumed  a 
warm  yellow  tint;  the  darkness  waa  great;  thermometers  could  not  be  read.  The 
countenances  of  men  were  of  a  livid  pink.  The  Spaniards  lay  down,  and  their 
children  screamed  with  fear;  fowls  hastened  to  roost,  ducks  dustered  together, 
pigeons  dashed  against  the  sides  of  the  houses,  flowers  dosed  (^Hibiscus  Africawu  as 
eariy  as  a^  5"*);  at  a^  5  a"*  cocks  began  to  crow  (ceasing  at  a**  57"*,  and  recommencing 
at  3^  5™).  As  darkness  came  on,  many  butterflies,  which  were  seen  about,  flew  as  if 
drunk,  and  at  last  disappeared ;  the  air  became  very  humid,  so  much  so  that  the  grass 
fdt  to  one  of  the  observers  as  if  recently  rained  upon.  So  many  &cts  have  been 
noted  and  recorded  that  it  is  impossible  to  do  more  than  give  a  brief  statement  of  the 
leading  features." 

The  general  result  of  the  observations  of  the  eclipse  of  i860 
was  to  shew  conclusively  that  the  Bed  Flames  in  solar  eclipses 
belong  not  to  the  Moon  but  to  the  Sun. 

An  interesting  and  valuable  memoir  on  this  eclipse  was  pre- 
sented to  the  Royal  Society  by  Mr.  Warren  De  La  Rue^. 

«*  Phil.  Tran$.,  vol.  clii.,  186a. 


Chap.  VI.]     Recent  Total  Eclipses  of  the  Sun.  303 


CHAPTER   VI. 


RECENT  TOTAL  ECLIPSES  OF  THE  SUN. 

Eclipn  of  Au£fU9t  iS,  1868. — Observations  by  Col.  Tenncmi  and  Jtf.  Januen  at 
OaiUoor. — Summary  of  results. — Observations  of  Governor  J,  P.  Hennessy  and 
Capt.  Reed,  B.N. — Eclipse  of  Avgust  7,  1869. — Observations  in  America  by 
Prqf.  Morton  and  others. — Summary  of  results. — Eclipse  ofDeoember  a  a,  1870. 
— English  expedition  in  H.  M.  S,  Urgent  to  Spain. — Observations  in  Spain 
and  Sicily. — Eclipse  of  December  11,  1871. — Observed  in  India. — Eclipse  of 
April  16,  1874. — Summary  by  Mr,  W.  H.  Wesley  of  ike  reoeni  observations  as 
to  the  Physical  Constitution  of  the  Corona. 

r  jiHE  eclipse  of  the  Sun  of  July  18,  i860,  described  in  the  last 
■^  chapter,  may  be  said  to  mark  a  turning-point  in  the  history 
of  eclipse  phenomena.  It  was  the  first  in  which  photography 
played  a  conspicuous  part,  and  the  experience  acquired  by  the 
numerous  observers  who  went  to  Spain,  paved  the  way  for  the 
great  photographic  and  other  successes  which  marked  subsequent 
eclipse  expeditions. 

The  reader  who  has  studied  what  has  been  stated  in  the  earlier 
chapters  of  this  Book,  respecting  the  usual  accompaniments  of 
eclipses  of  the  Sun,  will  already  have  acquired  a  sufficiently  com- 
plete general  insight  into  the  subject,  and  therefore  in  the  present 
chapter  his  attention  will  be  mainly  invited  to  new  points. 

The  eclipses  which  will  be  grouped  together  here  are  the  fol- 
lowing':— Aug.  18,  1868;  Aug.  7,  1869;   Dec.  22,  1870;  Dec. 

*  A  very  good  general  summary  of  the  analyse.     The   information   relating   to 

eclipse  obeenrations  made  in  1868,  1869,  the    1870    edipM    is    excladyely   from 

and    1870    (accompanied   by  numerous  Engliih   souroea    drawn    upon    by    the 

illustrations)  will  be  found  in  the  Eng-  translators.     But  the  most  ezhaottiye 

lish  edition  of  SchellenV  Die  Spectral-  account  by  far  is  that  furnished  in  Mem. 


304  Eclipses  and  Associated  Phenomena.    [Book  II. 

11,1871;  April  16,  1874;  April  5,  1875;  July  29,  1878;  May 
17,  1882  ;  May  6,  1883 ;  Sept.  8,  1885  ;  Aug.  29, 1886 ;  Aug.  19, 
1887. 

To  obsei've  the  eclipse  of  1868,  several  expeditions  were  dis- 
patched from  Europe  to  the  East  Indies.  The  most  important 
of  these  was  that  which  under  the  command  of  Major  Tennant, 
R.E.,  went  to  Guntoor  (Lat.  60°  17'  27"  N.,  Long.  5**  21™  48" 
E.) ;  but  important  service  was  rendered  to  Science  by  a  French 
observer,  M.  Janssen,  who,  accompanied  by  his  wife,  stationed 
himself  at  Guntoor.  Another  French  party,  under  M.  Stephan, 
went  to  Siam,  and  a  German  party  to  Aden.  This  last-named 
contingent  included  M  M.  Weiss,  Oppolzer,  and  Thiele,  all  ex- 
perienced astronomers. 

Major  Tennant's  arrangements  were  framed  with  the  object  of 
(i)  investigating  by  the  aid  of  a  spectroscope  the  corona  and  red 
flames  (the  latter  now  very  generally  called  the  "  Solar  promin- 
ences"), as  regards  the  source  of  their  light ;  (2)  examining  the 
light  of  the  corona  and  prominences  as  regards  the  polarisation 
thereof,  and  (3)  obtaining  photographs  during  the  totality.  By 
a  due  subdivision  of  labour  amongst  the  different  members  of 
the  expedition  this  programme  was  carried  to  a  successful  con- 
clusion. Neglecting  certain  optical  effects,  common  to  every 
total  eclipse  of  the  Sun,  and  sufficiently  described  already  in 
connection  with  previous  eclipses,  I  proceed  to  note  briefly,  in 
something  like  Major  Tennant's  own  words,  his  deductions  as 
to  the  new  results  flowing  from  the  labours  of  himself  and  his 
coUeagues  ^ 

The  corona  is  to  be  deemed  an  atmosphere  of  the  Sun,  not 
self-luminous  but  shining  by  reflected  light.  This  was  proved 
both  by  the  spectroscope  and  the  polariscope. 

During  the  continuance  of  the  totality,  there  was  seen  on  the 
North  side  of  the  Sun,  an  enormous  horn  of  light,  the  apex  of 
which  was  calculated  to  be  about  90,cx)0  miles  distant  from  the 

B.A.S.,  vol.  xli.    1876.    This  Tolame  is      to  Mr.  A.  C.  Kanyard's  industry. 

a   magnificent    compilation    of   Eclipse  *»  Memoirs  R.A.S.,  vol.  xzxvii.  p.  i, 

facts.    For  it  science  is  mainly  indebted       1869. 
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Son's  limb.  Thia  object  presented  in  a  striking  degree  indica- 
tions of  a  spiral  structure,  and  waa  presumed  to  consist  of 
incandescent  vapours  of  bydrogen,  sodium,  and  magnesium. 

Capt.  Eranfill  observed  that  the  corona  was  strongly  polarised 
everywhere  in  a  plane  passing  through  the  Sun's  centre. 

The  genenU  phenomena  of  the  total  phase  are  thus  described 
by  Mr.  (now  Sir  J.  P.)  Hennesay  ':— 

"Tea  ninntM  baTore  the  toUl  eclipse  there  seemed  to  b«  a  Inminoni  ereiceat 
reflected  upon  (he  dark  bodj  of  the  Moon.  In  uiotber  minute  » long  beun  of  Ught, 
p*la  and  qnite  itnight,  the  reyi  diverging  at  a  email  angle,  shot  oat  rrom  the 
Weelerly  ocmer  of  the  Sua'i  ereMcnt. 
At  the  same  Ume  Mr.  Ellia  notioed  a 
oorretponding  darii  band,  ir  ihadow, 
shooting  down  from  tin  Baet  oorner  of 
the  creecent.  At  this  time  the  eea 
auDDied  ■  darker  Mpect,  and  a  well- 
defined  green  band  was  seen  dietinetl; 
aroand  the  horiioit.  The  tempMatore 
had  fallen,  and  the  wind  had  ilightlr 
fretbened.  The  darknees  then  came  on 
with  great  rapidity.  The  wnsatioti  waa 
as  if  a  thuDdentorm  was  aboot  to  break, 
and  one  was  startled  on  looking  np  to 
see  Dot  a  single  cload  overhead.  Hie 
birds,  after  fljing  very  low,  diiappeared 
altogether.  The  dngon-fllea  and  butter- 
flies diiappeared,  and  the  large  drone-like 
Oiee  all  oolleeted  on  the  ceiling  of  the 
tent,  and  remuned  at  rest.  Tlie  criokets 
and  CicadM  in  the  jungle  began  to 
■aond,  and  some  birds,  not  viiihle,  also  began  to  twitter  in  the  jangle.  The  sea 
grew  darker,  and  immedlalcljr  before  lb*  total  obacaraUon  the  horiion  oonld  not 
be  seen.  The  line  of  round  white  elondi  that  lay  near  the  hiffiion  changed  their 
ooloor  and  aapeot  with  great  rapidity.  As  the  obecnratioii  took  place,  (he;  all  be- 
came of  a  dark  porple,  heavj  looking,  and  with  sharply  defined  edges;  the;  then 
preemted  the  appearance  of  clouds  rloee  to  the  horiioD  after  snnaet.  It  seemed  a«  if 
the  San  had  set  at  the  four  points  of  the  horiion.  The  sk;  was  of  a  dark  Icsden  blue, 
and  the  treee  looked  alm<«t  black,  llie  faces  of  the  obsarrers  looked  dark,  bnt  not 
pallid  or  unnatural.  The  moment  of  marimnm  darknoM  seemed  to  be  immediately 
before  the  total  Dbecaration  ;  for  a  few  seconds  nothing  could  be  seen  ezoept  objeota 
quite  clnae  to  the  obserrers.  Suddenly  there  burst  forth  a  lamlnons  ring  aronnd  the 
Moon.  The  ring  waa  composed  of  a  maltitnde  of  nya  qnite  irregular  in  length  and 
in  direction  ;  ^tn  the  upper  and  lower  parts  they  extended  in  band*  to  a  distance 


'  Proe.  Boy.  Soc.,  vol.  i 
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more  than  twice  the  diameter  of  the  Sun.  Other  bands  appeared  to  fidl  towards  one 
side,  bat  in  this  there  was  no  r^gnlaritj,  for  bands  near  them  fell  away  apparently 
towards  the  other  side.  When  I  called  attention  to  this,  Lieut.  Bay  said, '  Yes,  I  see 
them ;  they  are  like  horses'  tails ; '  and  they  certainly  resembled  masses  of  lominona 
hair  in  complete  disorder.  I  have  said  these  bands  appeared  to  £sll  to  one  side; 
but  I  do  not  mean  that  they  actually  fell,  or  moved  in  any  way,  during  the  observa- 
tion. If  the  atmosphere  had  not  been  perfectly  dear,  it  is  possible  that  the  appear* 
anoe  they  presented  would  lead  to  the  supposition  that  they  moved ;  but  no  <^cal 
delusion  of  the  kind  was  possible  under  the  circumstances.  During  the  second  when 
the  Sun  was  disappearing,  the  edge  of  the  luminous  crescent  became  broken  up  into 
numerous  points  of  light.  The  moment  these  were  gone,  the  rays  I  have  just  men- 
tioned shot  forth,  and,  at  the  same  time,  we  noticed  the  sudden  appearance  of  tbe 
rose-coloured  protuberances.  The  first  of  these  was  about  J-  of  the  Sun's  diameter 
in  length,  and  about  -^  of  the  Sun*s  diameter  in  breadth.  It  all  appeared  at  the  same 
instant,  as  if  a  veil  had  suddenly  melted  away  from  before  it.  It  seemed  to  be  a 
tower  of  rose-coloured  clouds.  The  colour  was  most  beautiful — ^more  beautiful  than 
any  rose-colour  I  ever  saw ;  indeed,  I  know  of  no  natural  object  or  colour  to  which 
it  can  be  with  justice  compared.  Though  one  has  to  describe  it  as  rose-coloured,  yet 
in  truth  it  was  very  different  from  any  colour  or  tint  I  ever  saw  before,  lids  prota- 
beranoe  extended  from  the  right  of  the  upper  limb,  and  was  visible  for  6  minutes. 
In  5  seconds  after  this  was  visible,  a  much  broader  and  shorter  protuberance 
appeared  at  the  left  side  of  the  upper  limb.  This  seemed  to  be  composed  of  two 
united  together.  In  colour  and  aspect  it  exactly  resembled  the  long  one.  Tliis 
second  protuberance  gradually  sank  down  as  the  Sun  continued  to  frdl  behind  the 
Moon,  and  in  3  minutes  it  had  disappeared  altogether.  A  few  seconds  after  it 
had  sunk  down  there  appeared  at  the  lower  corresponding  limb  (the  right  infierior 
comer)  a  similar  protuberance  which  grew  out  as  the  edipse  proceeded,  lliis  also 
seemed  to  be  a  double  protuberance,  and  in  sise  and  shape  very  much  resembled  the 
second  one ;  that  is,  its  breadth  very  much  exceeded  its  height.  In  colour,  however, 
this  differed  from  either  of  the  former  ones.  Its  left  edge  was  a  bright  blue,  like  a 
brilliant  sapphire  with  light  thrown  upon  it.  Next  to  that  was  the  so-called  rose- 
colour,  and,  at  the  right  comer,  a  sparkling  ruby  tint.  This  beautiful  protuberance 
advanced  at  the  same  rate  that  the  Sun  had  moved  all  along,  when  suddenly  it  seemed 
to  spread  towards  the  left  until  it  ran  around  I  of  the  circle,  making  a  long  ridge  of 
the  rose-ooloured  masses.  As  this  happened,  the  blue  shade  disappeared.  In  about 
12  seconds  the  whole  of  this  ridge  vanished,  and  gave  place  to  a  rough  edge  of 
brilliant  white  light,  and  in  another  second  the  Sun  had  burst  forth  again.  Inthe 
meantime  the  long  rose-coloured  protuberance  on  the  upper  right  limb  had  remained 
visible ;  and  though  it  seemed  to  be  sinking  into  the  Moon,  it  did  not  disappear 
altogether  until  the  lower  ridge  had  been  formed,  and  had  been  visible  for  a 
seconds.  This  long  protuberance  was  quite  visible  to  the  naked  eye,  but  its  colour 
could  not  be  detected  except  through  the  telescope.  To  the  naked  eye  it  simply 
appeared  as  a  little  tower  of  white  light,  standing  on  the  dark  edge  of  the  Moon. 
The  lower  protuberance  appeared  to  the  naked  eye  to  be  a  notch  of  light  in  the  dark 
edge  of  the  Moon — not  a  protuberance,  but  an  indentation.  In  shape  the  long  pro- 
tuberance resembled  a  goafs  horn. . . .  Though  the  darkness  was  by  no  means  so  great 
as  I  had  expected,  I  was  unable  to  mark  the  protuberances  in  my  note-book  without 
the  aid  of  a  lantern,  which  the  sailors  lit  when  the  eclipse  became  totaL  Those  who 
were  looking  out  for  stars  counted  9  visible  to  the  naked  eye ;  one  planet,  Venus, 
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was  very  brillUnt. ...  On  board  the  Rifleman  the  fowls  and  pigeons  went  to  roost, 
bat  the  c&ttle  showed  no  signs  of  uneasiness ;  they  were  lying  do?m  at  the  time.*' 

Captain  Reed,  R.N.,  remarked  as  follows  respecting  the 
corona : — 

"  The  ooftma  I  shonld  not  describe  as  a  ring,  exoept  in  so  far  as  concerned  that 
portion  of  it  immediately  snrroonding  the  Moon*s  limb.  From  this  edge  it  burst 
forth  in  sharp,  irregular-shaped  masses,  of  exceedingly  bright  light,  decreasing  in 
brightness  as  the  distance  from  the  Moon  increased,  and  finally  resolving  into 
numberless  bright  rays,  the  visible  extremes  of  which  were  distant  from  two  or  three 
diameters  of  the  Moon.  The  general  appearance  of  the  corona,  as  seen  through  my 
glass,  struck  me  forcibly  as  resembling  in  form  a  Brunswick  star ;  the  bri^^t  light 
near  the  Moon  resembling  the  prominent  portions  immediately  surrounding  the 
centre,  and  the  rays  the  more  remote  portions.  I  have  heard  the  appearance 
described  as  representiog  the  glory  one  sees  around  the  heads  of  saints  in  old 
Italian  pictures,  and  to  my  mind  the  general  appearance  could  hardly  be  better 
de^sribed.** 

The  total  eclipse  of  Aagust  7,  1869,  was  obsa*yed  by  several 
well-equipped  parties  in  the  United  States.  The  American  ob- 
servations were  carried  out  with  great  skill,  and  regardless  of 
labour  or  expense,  and  resulted  in  a  very  complete  series  of 
excellent  photographs^.  One  of  these  taken  at  Ottumwa  repre- 
sents the  phenopienon  of  "  Baily*s  Beads,''  and  is,  I  believe,  the 
only  photographic  record  of  this  phenomenon  extant.  Professor 
Morton  speaks  of  this  as  ^  simply  the  last  glimpse  of  the  Sun's 
edge  cut  by  the  peaks  of  the  Lunar  Mountains  into  irregular 
spots."  The  pictures  taken  during  the  partial  phase  all  shew  an 
increase  of  light  on  the  Sun's  surface,  in  contiguity  with  the 
Moon's  limb,  as  was  observed  by  De  La  Rue  in  i860.  Professor 
Morton  vras  at  first  inclined  to  attribute  this  to  the  existence  of 
a  Lunar  atmosphere  ;  but  subsequent  experiments  have  led  him 
to  regard  the  cause  as  entirely  chemical,  and  not  corresponding 
to  any  celestial  phenomenon.  An  analogous  appearance  is 
frequently  to  be  seen  in  terrestrial  photographs,  and  it  is  now 
generally  agreed  that  the  effect  is  a  mere  photographic  one. 
Professor  Pickering  at  Mount  Pleasant  noticed  that  while  ''  the 
sky  was  strongly  polarised  all  round  close  up  to  the  corona,  that 

^  Report  on  0hiervat\on9  of  ike  Total  p.  4,  Nov.    1869;   P*   ^11*  ^^7  1870; 

Selip$eqftke8Mn,Ausf.  7, 1869.   Edited  Jowmal  of  the  Franklin  Inetitnte,  3rd 

by  Commodore  B.  F.  Sands.   4to.  Wash-  Ser.,  yd.  IvUL  pp.  200,  249,  and  354, 

ingtoo,   1869.    Month,  Not.,  vol.  xxx.  Sept-Nov.  1869. 
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object  itself  was  not  a  source  of  polarised  light."  This  obser- 
vation is  not  in  accord  with  the  observations  of  other  eclipses 
(especially  1842,  1851,  i860,  and  1868),  for  it  has  always  been 
found  that  the  light  of  the  corona  was  strongly  polarised.  Nor 
indeed  do  Pickering's  observations  in  1 869  tally  with  his  own 
conclusions  arrived  at  in  1870  in  Spain  with  superior  instruments. 
His  observations  in  1 869  were  made  on  an  unmagnified  image 
of  the  corona,  and  his  attention  was  chiefly  directed  to  the  polar- 
ized condition  of  the  atmosphere.  Prof.  Pickering  is  of  opinion 
that  his  more  deliberate  observations  of  the  coronal  polarization 
made  in  1870  are  to  be  preferred,  and  that  the  small  apparent 
size  of  the  corona  and  its  dazzling  brightness  as  seen  with  the 
instrument  used  in  1869  prevented  his  noticing  the  polarization 
colours  in  the  coronal  light. 

Much  more  important  in  every  sense  than  either  of  the  fore- 
going eclipses,  was  the  eclipse  of  December  22,  1870.  Being 
visible  at  some  very  accessible  places  in  Spain,  Sicily,  and  North 
Africa,  several  expeditions  were  dispatched  to  observe  it,  and 
eventually  Her  Britannic  Majesty's  Qovemmejit  placed  at  the 
disposal  of  English  astronomers,  <§^2ooo  and  a  ship,  the  Urgent, 
for  the  conveyance  of  observers  going  to  Spain  and  Africa ;  and 
the  expenses  of  the  party  which  travelled  overland  to  Sicily 
were  defrayed  out  of  this  grant.  Besides  the  observing  parties 
connected  with  the  expeditions  just  named,  a  strong  detachment 
of  American  astronomers,  nearly  all  of  them  Professors,  came 
to  Europe.  France  was  only  represented  by  M.  Janssen,  for  the 
eclipse  occurring  towards  the  end  of  the  Franco-German  War, 
the  French  had  other  things  to  think  about.  It  deserves  notice 
that  so  great  was  M.  Janssen's  anxiety  to  observe  the  pheno- 
menon, that  he  determined  upon  trying  to  escape  from  Paris  in 
a  balloon,  and  succeeded,  carrying  with  him  his  instruments. 

Unfortunately  the  weather  was  very  unsatisfactory,  especially 
in  the  North  of  Africa,  where  a  cloudless  sky  had  been  confi- 
dently anticipated,  and  accordingly  the  successful  photographs 
of  Lord  Lindsay's  party  at  Cadiz  and  of  the  English  party  at 
Syracuse,  constitute  the  chief  direct  results  of  the  efforts  made. 
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The  partial  failure  of  the  weather  is  the  more  to  be  regretted 
beoaase  the  preparations  made  to  observe  the  eclipse  were  un- 
usually elaborate  and  costly,  and  the  services  of  a  particularly 
strong  body  of  experienced  observers  had  been  secured.  The 
general  results,  though  less  than  had  been  expected,  were  un* 
doubtedly  of  great  importance,  and  constituted  a  clear  advance 
in  our  knowledge  of  Solar  physics. 

Though  attention  was  paid  to  other  accompaniments  of  total 
eclipses  of  the  Sun,  and  useful  coniirmatory  evidence  as  to  other 
matters  was  accumulated,  yet  the  Sun's  corona  was  in  1870  the 
one  main  object  of  attack,  and  photography,  polariscopes,  spec- 
troscopes, and  ordinary  telescopes  were  all  brought  to  bear  on 
the  elucidation  of  the  question  ''What  is  the  corona?"  and  im- 
portant information  available  for  answering  the  question  was 
obtained. 

The  next  eclipse  iiiat  was  widely  observed  was  that  of  Decem- 
ber 12,  1871,  which  was  visible  over  a  large  and  accessible  tract 
of  country  in  Southern  India,  Ceylon,  and  Australia,  though  in 
the  last-named  part  of  the  world  the  weather  failed.  The 
observations  made  were  as  before  photographic,  spectroscopic, 
and  polariscopic. 

It  was  very  generally  noticed  that  the  structure  of  the  corona 
was  radiated,  and  several  rifts  were  seen  therein.  A  comparison 
of  photographs  at  different  stations,  indicates  a  fixity  in  these 
rifts  which  renders  it  certain  that  they  existed  at  an  immense 
distance  from  the  observers;  in  other  words,  that  they  were 
neither  terrestrial,  nor  lunar,  but  solar. 

Fine  photographs  of  the  corona  in  which  the  definition  is  very 
sharp  were  taken  at  Baikul  by  Mr.  Davis,  Lord  Lindsay's  photo- 
graphic assistant,  and  six  photographs  on  the  same  scale  were 
taken  by  Col.  Tennant  at  Dodabetta ;  and  although  the  dark 
moon  is  represented  by  a  circle  only  ^%  of  an  inch  in  diameter 
and  the  whole  extent  of  the  corona  could  be  covered  by  a  six- 
pence, the  definition  is  so  good  that  on  examination  under  suit- 
able illumination  some  hundreds  of  details  can  be  made  out  and 
measured,  and  the  two  series  of  photographs  are  found  completely 
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to  confirm  one  another  as  &r  as  the  smallest  detail  observable. 
In  addition  to  the  corona  photographs  taken  at  Baiknl  and 
Dodabetta  in  Central  India,  two  photographs  of  the  corona  were 
secured  daring  this  eclipse  with  an  ordinary  photographic  camera 
at  a  station  near  Tjebatjap  in  Java ;  and  though  these  are  on  a 
very  small  scale  and  the  definition  does  not  compare  with  the 
Indian  photographs,  the  rifts  and  some  of  the  larger  structures 
visible  in  the  Indian  photographs  can  be  recognized  upon  them, 
and  as  £Eur  as  they  go  they  show  that  the  corona  visible  in  India 
was  also  visible  in  Java. 

The  line  joining  the  two  most  marked  rifts  which  are  situated 
near  to  the  Sun's  poles  divides  the  corona  into  two  halves  which 
are  roughly  symmetrical.  The  line  of  symmetry  does  not  ac- 
curately coincide  with  the  Sun*s  axis,  but  is  inclined  to  it 
some  io°  or  15°.  On  each  side  of  these  polar  rifts  are  groups 
of  incurving  structure  which  occupy  an  arc  of  some  40°  on 
the  moon's  circumference.  The  curved  rays  in  these  groups 
are  all  bent  inwards,  and  the  straighter  rays  appear  to  be 
inclined  from  the  radial  towards  parallelism  with  the  axes  of 
the  groups. 

Within  the  polar  rifts  are  several  narrow  straight  or  but 
slightly  curved  rays,  none  of  which  are  quite  radial  to  the  Sun's 
limb.  It  is  worthy  of  remark  that  this  inclination  to  the  radial 
cannot  be  a  mere  effect  of  perspective.  For  a  line  passing 
through  the  Sun's  centre  could  not  be  projected  so  as  not  to  be 
radial  to  the  Sun's  limb.  There  is  abundant  evidence  iiiat  many 
of  the  structures  visible  in  other  coronas,  as  well  as  that  observed 
during  the  eclipse  of  187 1,  were  inclined  at  considerable  angles 
to  the  normal  to  the  surface  of  the  photosphere.  It  is  difficult 
to  conceive  how  explosions  within  a  gaseous  body  like  the  sun 
can  give  rise  to  oblique  rays,  but  the  evidence  for  the  existence  of 
such  rays  is  overpowering.  Some  of  the  oblique  rays  are  straight, 
or  nearly  straight^  while  others  shew  considerable  curvature, 
and  others  bend  over  in  one  direction  in  their  lower  parts,  and 
are  again  curved  slightly  in  a  contrary  direction  above.  Such 
double  curvature,  or  contrary  flexure,  is  also  to  be  found  in  some 


Chap.  VI.]    Recent  Total  Eclipses  of  the  Sun.  311 

of  the  tree-like  fonns  of  structure  which  on  a  gigantic  scale 
remind  the  observer  of  a  common  type  of  prominence  to  be 
seen  in  the  chromosphere. 

The  existence  of  these  curving  forms  is  a  matter  of  considerable 
importance,  as  they  appear  to  indicate  the  existence  of  an  atmo- 
sphere with  currents  carrying  the  matter  of  which  the  struc- 
tures are  composed,  with  different  velocities  at  different  altitudes. 
The  tree-like  structures  also  seem  to  indicate  the  spreading  out 
within  a  resisting  medium  of  matter  rising  from  below.  None 
of  these  tree-like  structures  are  to  be  found  in  the  upper  part  of 
the  corona,  though  there  are  several  forked  and  curving  rays 
whose  form  it  seems  difficult  to  account  for  by  the  action  of  ex- 
plosive forces  and  gravity  alone.  As  we  proceed  towards  the 
outer  parts  of  the  corona  there  are  more  straight  rays,  and  fewer 
contorted  structures,  indicating  that  the  resisting  atmosphere  in 
the  upper  part  of  the  corona  is  less  dense  than  in  the  lowe^^ 
The  forms  of  the  structures  do  not  seem  to  afford  evidence  of  a 
repulsive  force  similar  to  that  which  drives  the  matter  of  a 
comet*s  tail  away  from  the  Sun,  but  there  are  some  of  them 
in  which  the  bright  coronal  matter,  after  having  been  driven 
upwards  in  an  oblique  direction,  seems  to  fall  again  as  if  by 
gravity  towards  the  Sun.  In  most  instances  however  the  rays 
which  extend  to  the  outer  part  of  the  corona  grow  gradually 
fainter  in  their  upper  parts  without  exhibiting  any  change  of 
direction. 

Mr.  W.  H.  Wesley,  the  Assistant  Secretary  of  the  Royal  As- 
tronomical Society,  who  has  given  great  attention  to  the  numerous 
drawings  and  photographs  of  the  corona  which  have  been  ob- 
tained, says  * : — 

*'  One  of  the  moct  eirikiiig  features  in  the  oorona  of  almoet  «11  the  jmn  mider 
examination  ii  the  existence  of  a  more  or  leBS  well-marked  polar  rift,  rooghly,  bot 
perhi4)t  never  exactly,  corresponding  with  the  Son's  axis  of  rotation,  to  which  it 
appears  sometimes  inclined  as  much  as  30°.  In  moet  oases  this  rift  is  shewn  at  both 
poles,  but  sometimes  at  one  only;  in  i88a  it  does  not  appear  at  all.  Tlie  northern 
and  sonthem  rifU  are  seldom  strictly  opposite  to  one  another,  so  that  a  Une  drawn 
through  them  does  not  pass  through  the  centra  of  the  Sun.    Tlie  polar  rifts  are 

*  M&nik,  Not,,  vol.  xlyiL  p.  500.  June  1887. 
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geoBrikllf  Glled  vith  ahartcr,  gtraighter,  kod  mere  rtdikl  raji.  with  a  background  of 
leai  densitj  than  ia  other  psrts  of  the  ooroiui. 

"  On  either  s^de  of  tbe  polar  rift  there  iiaually  appean  a  somewhat  conical  Enaaft, 
composed  of  rajis  curving  towards  each  other,  fonmng  groups  of  what  Mr.  Banjard 
has  appropriateljr  called  '  aynclioal  atructure,'  which  give  the  quadrilateral  or 
cruciform  appeatanra  fr«iuetitly  shewn  in  corona  drawiugE.  The;  mostly  aeem  to  be 
t-ituated  over  the  zodob  of  tiiaximum  sun-Eipot  artivity,  and  have  frequently  greater 
eitsiuiun  than  other  partB  of  the  corona," 

EcMl^E  liF  1851.  JULV  iS.  M 

"  Dr.  BuKh's  daguerreotype  is  remarkable  ■■  the  first  instanoe  of  a  suocawM  I 
photograph  of  the  corona.     It  shews  the  general  form  to  a  height  nowhere  much 
exceeding  ^  of  a  solar  diameter.    Th«  oorona  ia  symiDetrical  and  of  hexagonal  form, 


with  a  well-marked  rift  nut  im  from  the  north  and  south  poles,  tbe  southern  rift 
being  much  the  broader.  On  either  aide  of  tbeee  rifla  are  indications  of  i;mcUnal 
manes  ;  there  are  also  similar  niassea  in  tbe  equatorial  regions  Gurly  oorraapondiliK 
on  each  side.  The  orientation  of  the  plate  is  rather  uncertain.  Wolf  girc*  64-1  a* 
tbe  relative  number  of  aun-spot«  for  July  ifis'-" 

EcLiPHE  OF  1860,  July  18. 
"  In  the  photographs  taken  at  Deslerto  de  lai  FalniM,  of  whkh  I  have  only  Hen 
positive  copies,  there  is  shewn  a  very  broad  rift  towards  the  south  pole,  and  a  leai 
maiked  one  on  the  north.  The  character  of  the  synclinal  groups  i*  not  clearly 
marked.  The  corona  is  fairly  symmetrical  about  a  line  not  much  inclined  From  tha 
Sim's  axis.    Wolfs  rehklivo  numlicr  of  sun-ppola  is  949." 

EcLlPaE   OF    1869,    AOGCST   7. 

"  I  have  not  seen  the  original  n^ativee  of  the  photf^rapha  taken  at  Shelbyville, 
which  are  the  only  ones  which  uliew  any  conniderable  extent  of  DDTona.  His 
northern  and  southern  polar  riftn  are  clearly  marked  and  very  broad.     Tbe  baMM  4| 
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the  fbnr  iTiudiiul  group*  can  abo  ba  dakrly  nude  ont,  eajiecikll;  that  in  tlw  north. 
WMt  qtudraBt  Hie  genet*!  axl*  of  ijinnietry  ii  ilightly  iiuUiMd  to  the  north-wait 
and  eonth-eaet  of  the  Son'i  aiia.     Wolf  ■  relatiiv  Domber  of  nin-ipobt  i*  77-6." 


BcLIFSK  or  1870,  Die.  11. 

"Mr.  Brothcn'i  negative,  taken  at  8;Taonse,  ihewi  a  great  extent  of  ooraoa, 
reaching  in  aome  parta  quite  40'  from  the  limb.  The  genaral  outline  ii  iinnewhat 
draolar,  with  a  qtudiUateTat  area 

of  greater  brightneai,  larig^ter  on  Iri^.  i^ 

the  weatem  tide.  I^e  northern 
poUr  rift  !■  broad  and  fU-Jefined ; 
to  the  east  of  the  aonth  pole  ie  a 
much  narrower  and  more  eharplf 
defined  rift,  aatil;  tnto»b1e  to  the 
limb.  To  theeaitandweatofthii 
are  other  rllU,  and  thne  la  itno' 
tore  eridBntlT  lyiiaUnal  to  the 
north-wart;  otherwiae  the  photo- 
gr^  tbMFl  bat  little  det^.  The 
general  ula  of  1  jmmettj  appaan 
inclined  to  (ha  north-wert  and 
■)oth-*Mt    of   the    Bon'i    axii  a« 


THB  coaovA,  1870. 


U  not  Terj  oert^n.  The  eclipae 
ooonmd  at  a  period  of  great  Kdar 
aotiritj,  WdU*!  rotative  monthly 
Dsmber  being  13J-4." 


EcuFSB  OP  1871,  Die.  11. 

"  Lord  lindiay'i  and  Col.  Tennant'e  eiMlleot  leriee  of  negative*  ihew  a  eonma 
rtmaikablj  rrmmetriakl,  about  ■  line  inclined  about  10°  to  the  north-wwt  and  nath- 
•ait  of  the  Bon'i  axil.  Hie  notthcm  and  loatham  polar  rifti  are  well  de6Ded, 
nearly  oppoeite  to  one  another,  and  very  limilar  in  character.  The  four  ■jnollnal 
gmapi  are  W4JI  marked,  ■ppearing  to  indicate  lonei  of  ajDclinal  itmotun  extending 
nearly  from  the  pole  to  aboat  40°  north  and  loath  latitade.  Theie  gronpi  ac« 
goiwrally  icparated  from  the  equatorial  portioni  by  narrow  definite  rifli.  Hw 
weitem  margin  of  iJie  loDth-eait  ay ndinal  group  shewa  a  diitioct  tendency  to  doable 
oarvatore — a  form  which  reappear*  in  1883  and  1685.  The  exlenaion  ii  gnateit  in 
the  equatorial  regioni,  giving  a  lomewhat  hexagonal  form  to  the  oorona.  The  great 
polar  ritti  are  filled  with  short  itralijht  rayi. 

"The  greateit  extent  of  the  photognphic  eorena  doe*  not  exceed  i/.  bat  the 
minntenee*  of  the  detail  near  the  limb,  which  with  a  itrong  tranamitted  light  can  be 
*een  through  the  deiueet  part  of  film,  ha*  cever  been  equalled  In  any  lubaequent 
edipa*  photognph.  The  remarkable  fsature  of  the  lower  etructure  ii  the  prevalence 
of  rayi  completely  curving  over,  and  of  branching  rayi,  lomewhat  reeembllug  a 
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Few  of  these  reach  a  height  of  more 

V  generally  atrught  or  more  gUghtl; 


freqnent  fomi  of  aolar  prominence. 


from  tiie  limb ;  above  this  height  the  Ta,ya  a 

"Itia  impoBflible  to  be  certain  whether  these  lower  detaib  are  really  near  the  limb, 
or  whether  they  are  raye  on  the  nearer  or  forther  parts  of  the  corana,  seen  fim- 
shortened.    In  the  latter  case,  thej  oould  hardly  be  the  eatnme  ends  of  coronal  raya. 

Fie.  I47- 


aa  these  inTariably  fade  away  so  mneh  towards  their  extremities  that  they  w 

sertainly  he  lost  on  the  dense  backgronnd.    On  the  whole,  the  ditference  

between  the  higher  and  the  lower  details  lends  great  probability  to  the  view  that  ths 
latter  are  really  near  the  limb.  Mr.  Banyard  oonridera  that  the  more  contorted 
character  ot  these  lower  etructures  indicalee  the  existence  of  a  renisting  atmoephere 
in  the  lower  part  of  the  corona.  It  seems  evident,  at  leMt,  tliat  many  of  the 
ourvaturee  of  the  coronal  rayv  contd  not  be  oaused  by  gravity  alone.  Still  when  we 
oonnder  what  an  intricate  mass  of  crosioDg  and  interlacing  rays  must  be  prodnoed  by 
perspective  as  we  approBch  the  limb,  wo  muit  feel  that  the  qnestion  cannot  be 
decided  with  certainty. 

"Tlie  eclipse  occiirred  at  s  time  of  somewhat  less  solar  activity  than  that  ol 
previous  year,  WolF'a  relative  monthly  number  bung  ^S'O." 

No  photographs  having  been  taken  of  the  ecHpee  of  1874,  no 
aDDotations  on  the  corona  of  that  eclipse  appear  in  Mr.  Wesley's 
paper.  I  have  however  thought  it  would  bo  well  to  annex  e 
hand-drawing  thereof. 
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L  16. 1874. 

Naltdeye  rieio  0/  tlu  mler  Corona.     (H.  S.  Jt.  Brigkl.) 

Mr.  Wesley  then  proccods  to  deal  with  tho  eclipses  uabseqncnt 
to  1874  :— 

EcLiPHK  or  1875,  ArsiL  6. 
"  The  mull  liu  of  the  photograph!  t*kon  by  Dr.  Schnst«T  rraden  tt  ImpMdble  to 
inftk«  out  mon  tbmo  the  ^ener^  ohAract«r  of  the  ooronA,  And  fnon  the  ikme  Oftaie  the 
nrientAtion  li  not  very  Mcur*l«ly  deterrnined.  The  corona  ti  lomewhat  ijmmetrtMj 
aboat  a  line  nearly  ooinciding  with  the  Han't  axii,  the  northern  and  sonthem  polar 
iifl<  bMUg  very  broad  and  well  marked.  Fnnr  nynotinml  group*  are  pl1^nly  leen, 
their  axea  making  angle*  of  more  than  45°  with  the  Sun'l  aili.  Tlie  polar  rifta  an 
AUcd  Dp,  bat  not  to  a  great  height,  the  polar  sitenalon  of  the  oorona  being  only  about 
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hti!  the  equ&loriiil,  when 
the  oorooa  lying  to  Che  ei 
tiiMt,  the  ueu-ly  ilnight  II] 
Fig,  MQ- 


I 


le  great«gt  height  U  neitrty  ft  aolar  di&mcter.  The  iublf  of 
of  the  axil  ia  decidedly  larger  than  that  to  the  wr«t,  to 
which  boniiij  the  corana  north  and  aonth  coiiTeT;ge  towardi 
the  weeC.  Dr.  Schuster  draws  attention  to  the 
remarkable  aimilarity  between  this  corona  and 
thut  iif  18^4.  of  which  DO  phntr^apha  were 
taken.  He  think*  this  aimilarity  extendi  to 
the  irregularity  in  the  fymmetry  juat  men- 
tiuned  1  but  the  want  of  accordance  between 
the  drawing   made  in  1S74  rendere  thiA  nn- 

"  Notwilhslanding  thia  general  reeemblanoe, 
the  Bolar  actlTity,  as  indicated  by  the  auu- 
i<p(>tp,  was  lesi  than  half  a«  great  as  in  the 
previouB  year,  Wolf'a  relative  number  U 
April    1874    being   49'!,   and    for    April 


1878,  JuLl  ig. 


ch  1  have  examined  are  two  nq^tive*  by  Mr.  Ranyard,  made 
of  I)  positive  copiea  on  glass  of  the  photngrapb*  taken  by 
Profenor  Harknen  and  Hr.  Rogcn  at  Creaton  and 
1^  JtinU.  The  expoiurea  of  Mr.  Banyard'a  plate* 
were  so  short  that  tbey  show  but  a  small  eitent  of 
corina.  A  drawing  combining  the  detail  of  the 
CreBton  and  La  Jonta  negatives,  and  shewing  a 
Tiirthet  extensiun  of  the  ef(aatorial  rays,  Iroin  a 
iinialler  photograph  by  Mr.  Peers,  is  given  in  the 
Apprmli-c  lo  flu  ff'aihiagtoH  Otiitrfatiom  for 
1S76.    Oncamparing  this  drawing  with  thepoutivea, 

tm  much  or  more  detail  on  the  pottitires  a*  on  the 
drawing  (except  the  equatorial  ezteDaion),  and  no 
donbt  much  more  would   be  seen   on   the  cri^nal 

"The  corolla  belongs  lo  the  name  types*  tho*e  of  1874  and  1S7J.  The  equatorial 
eitensioD  greatly  exceeds  the  polar,  and  both  the  Dorthem  and  eonthem  rifta  are 
widely  qiened.eo  that  their  eaateru  and  western  boundariei  form  nearly  strught 
Unei  tangential  to  the  limb.  Tlie  northern  and  southern  synclinal  group*  are  so 
much  depressed  towards  the  equator  that  they  appear  to  coalesce  into  one  great  masa, 
occupying  the  whole  equatorial  region.  The  rifts  are  filled  with  fine  rays,  straight, 
and  nearly  radial  in  the  centre  of  the  rift,  and  becoming  more  and  more  carred 
towards  ita  boundaries.  In  one  rift  there  are  as  many  as  ao  separate  rays,  re- 
markably uniform  in  length  and  distance  apart,  never  branching  or  crossing.  The 
two  rifts  are  almost  identical  in  character,  bdt  are  not  opposite  each  other;  the 
northern  rift  having  its  general  aiis  inclined  about  15°  towards  the  east  from  the 


* 


'e  axis,  and  the  southern  being  a 


!  symmetricat  with  it 


"The  great  equatorial  extensions,  uf  which  tbe  bases  only   are   viuble  in  t 
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podUvg*,  ar«  Tvy  mytnmctriMl  in  deUll,  but  the  wntsni  mui  ii  the  bnader, 
I  laiihiim  farther  botb  to  th«  north  uid  •oath.  TheM  great  in»i»M  are  broedwt  amr 
the  limb,  uid  grkdaally  baotmie  narrower,  *d  tbat  their  ni»them  and  loiithem 
boondariea  woald  meet  in  a  p^Dt  abont  i  diameten  from  the  limb  on  the  wMtam 
dda,  and  rmthar  Um  on  the  eutem.  Theie  eqoatorial  exteniiuni  were,  howerer, 
obeerred  bj  Ncwotmib,  Langlej,  and  othen,  to  raaoh  to  a  dialanco  of  at  Intat  I ) 
diameten.  Tliej  molt  have  lieen  tct;  &int,  ai  in  the  Ametioan  dnwing,  combined 
from  Tai^oni  negative*,  they  do  not  eiteod  more  than  a  diameter. 

"  It  la  a  remarkaUe  pcoaliaritj,  which  IliBVe  obwrTsd  In  no  other  eorona,  that  while 
at  the  polee  it  ii  iplit  ap  into  a  great  nnmber  of  fine  rayi,  the  equatorial  extandoni 
are  broad  onooth  mauei,  ihewlng  lenrtlj  any  detul,  even  at  their  extreme  edge*. 

"Tke  anlipae  oMnured  at  a  time  of  deddedly  low  lolar  acUvitj,  Wolf't  rvUtive 
nnmber  being  only  33." 

EcLiFSi  or  18S1,  Hat  17. 
"  ^e  negative!  taken  by  Dr.  9diuter  ihew  a  large  extent  of  oonma,  reaching  tn 
•everal  placfa  a  height  of  a  lolar  diameter,  one  itraight  ray  in  the  aouth-weat  ex- 
tending a«  far  ai    Ij   diameter.    The 


Kg.  I J 


t  of  the  featora 
which  charaoteriaed  (hoaa  of  187^  i^Tii 
and  187B.  Although  very  br^grolai  in 
detail,  it  ii  ■ppro]dmHt«ly  circular  in 
form,  and  ia  entirely  without  that  great 
difference  lietween  the  polar  and  eqna- 
lorial  extrnaiani  which  had  been  (o 
•triking  In  the  three  laat  eclipiea.  At 
the  aame  time  it  ihewa  none  of  that 
lymmetry  about  a  line  not  veiy  far 
from  the  Sdd'i  axii  that  bad  been  more 
er  leM  apparent  in  mort  prevtonily 
photographed  ooronaa,  and  eepedallj  in 
that  of  187).  ThiJ  abHnce  of  an  aiii 
of  iymmetiy  and  of  polar  rifti  ii  its 
moat  linking  feature.  There  are  group* 
of  lynoliiial  Btmotare,  but  they  are  not 
of  a  very  definite  chatacter,  and  are 
qute  irregularly  placed.  Hie  aolar  axi>  doea  not  pa**  through  the  line  of  leaat 
eitendon,  m  i«  almoet  alwayi  the  eaie.  The  only  approach  to  an  aii*  of  eymmetrj 
aeecu  to  be  about  a  line  nearly  at  right  anglea  with  Uie  Sun'i  aii*.  The  orientation 
waa,  however,  very  carefully  made,  and  in  Dr.  Sehueter'g  ^nion  ii  not  more  t*»«»i 
half  a  d^ree  in  error  :  it  neailj  agree*  with  that  adcf  ted  by  ProteiKir  Taochini. 

"The  rayi  are  rather  more  frequently  etraight  than  curved,  and  there  it  only  one 
initanoe  of  a  ny  completely  curving  over :  thb  ii  in  the  ■onth-eait ;  It  reaohea  a 
height  rf  about  1 )'  from  the  limb.  Beneath  it  are  two  ray* — the  only  one*  ihewlng 
any  traoe*  of  a  branching  itruoture.  lliere  are  dietinct  rifta  on  the  weatem  aide, 
t«aching  to  the  limb ;  bat  they  are  more  filled  up  with  oorotwl  matter  than  those  of 
1871.  The  raya  are  in  alt  directioni,  from  radial  to  tangential,  and  there  are  aaTeral 
caaee  of  raya  cnM^ng  each  other,  but  no  dear  cMe  of  a  ray  of  doable  enrvatnra. 
The  lower  detail*  of  the  ccrona  are  leu  diitiaet  than  in  1871 ;  bat  thi*  may  be  do* 
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o  the  great  density  of  the  film  n 


r  the  limb,  whiob  ii 


0  all  diy^plata* 


I 


oegatiTea.    The  definition  of  the  outer  portion*  i«  eitremely  fine.     I  rauroot  see  any 
evidence  of  the  diBtinotion  between  ftn  oater  uid  inner  connui,  which  I>r.  Scbiuter 
thinlu  the  photogmphs  show.      Wolf's  relative  monthly  number  of  Bnn->pot«  18  64-5 1 
k  remailuble  outborn  had  ooourred  during  the  [ireoedlDg  month,  for  whioh  t 
nombor  wae  g- 
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33,  Mil  6. 


"  SoeoMd^l  pbotogrsphB  were  taken  by  M.  JanMon,  »nd  aim  by  Menrs.  Lawrutce 

and  Woodi.  The  nioiit  prominent,  feolure  is  va  unuaually  well-marked  rift,  jnrtly 
filled  with  short Btraigb trays. 
Dear  the  north  pule  of  the 
Sun'e  ucia,  from  which  the 
general  aiis  of  the  rift  ia  in- 
clined at  an  angle  of  about 
30''  to  tbe  eiut.  On  earh  eide 
of  this  rift  are  moat  chai«o< 
teriatid  groupa  of  synclinal 
structure,  whoH  baia*  meet 
at  the  limb :  the  ei 
abewa  a  double  ci 
both  aides,  but  on  the  western 
ixt^e  thia  appearance  seemi 
cauKed  by  the  auperpontion 
of differeotrayau  Therewenu 
no  regularity  in  the  amnge- 
meut  of  the  rays  in  the  rest 
of  the  corona,  nor  any  rift 
in  the  aouth,  corresponding 
to  that  in  the  north.  The 
general  outline  of  the  corona 
ia  Bomewhat  circitlar,  but  the  two  eyndinal  groups  extend  farther  than  any  other 
part.  In  U.  JonMen'a  long-exposed  plate,  one  of  tbeee  groapa  extends  nearly  an 
far  M  two  solar  diameters,  which  is  tbe  greatest  extension  ahewn  by  any  corona 
photograph.  Indeed,  M.  Janssen  saya  that  it  is  muoh  greater  than  it  appeared  to 
the  eye  in  his  telescope. 

"The  solar  activity  was  rapidly  decreasing,  Woira  relative  monthly  number  q 
sun-spots  being  Ji'i." 


EOLIPSR 


35,  Seftbhbsb  8 


"  Several  photographs  were  taken  of  this  eclipse,  but  the  weather  was  genenlly 
nnfavouraUe,  and  few  shew  much  detail.  The  most  mariieJ  feature  is  tbe  ■ontbenk 
rift,  which  ia  broad  and  welt  marked,  with  clear  indications  of  stnught  rays  filling  it. 
The  only  diatinoUy  synclinal  group  is  to  the  aouth-east;  its  aiis  makes  an  angle  ot 
kbont  45°  with  the  Siin'a  axis,  and  its  eiteniion  ia  greater  than  any  other  part  of  (he 
corona.  The  weatem  edge  of  this  group  presents  a  double  curvature.  The  other  , 
parts  of  the  corona  are  very  irregular,  and  there  doss  not  appear  to  be  any  distln 
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lift  <■!  the  north  oormpondiiig  with  the  southem  rift.  There  U  a  uuubtd  broad 
dspranon  in  the  oorona,  about  3j°  to  the  eait  of  the  north  point  of  the  uie.  Tlik 
dtfrearioD,  and  the  eoatheni  rift,  >pp«»r  to  divide  the  oonma  into  two  Yery  unequal 
pwti,  the  weetem  one  bcdng  mneh  the  greater. 

"ne  aolar  aetivitr,  ae  ihewn  by  the  iim-cpoti,  wai  <l1mlntTMng  ■  WolTi  relatlre 
nMUthlj  nnmbw  being  83*7  for  tlie  month  of  Jone,  and  39-6  for  September. 

"  The  onlj  generaliiation  with  regard  to  the  farm  of  the  oitfona  wliioh  hai  eui  iiml 
well  rapported  b;  the  phutogn^iUo  evidence  ii 
tliat  of  Mr.  Banjard,  that  there  u  a  Kmneetlon  ^'  '^3- 

between  the  geoenl  tona  of  the  oonma  and  the 
■olar  aodTitj  aa  iliewn  b;  tlie  nnmber  of  inn-epot*. 
The  corona  of  a  •on.epot  nuudmom  ha*  genarallj 
bean  Mmewluit  eTnimetricKl,  with  lynollnal  gronpa 
making  anglea  of  45°  or  leai  with  iti  general  axii. 
nie  inn^pot  minimom  ooronai  ihew  polar  lifts 
mocA  more  widdy  open,  •fnolinal  KBee  "'""g 
larger  an^ea  with  the  azii,  and  being  therefore 
more  depnoMd  toward  the  equatorial  le^om,  in 
whicb  then  i*  Moallj  greater  exlendon.    lUa 

■renccalimtioil  ie  well  borne  oat  br  the  mailmmn  ,^ 

"  ,.         ..         j,i.>-  ODTLuaoviHioomotfA,  i88k, 

enonai  of  iB7Dand  1871  andthe  mininnm  oonmat 

of  1867,  1874,  187s,  i87a,aadaf^»reDtl7t887.  On  the  other  band,  the  scUpeMof 
18S3,  1885,  and  1S86,  do  not  atiildngly  oonarm  the  theory.  Tike  eolipae  of  1883,  at 
a  time  irf  rapidlj  deoreaiing  lolar  activity,  fhewi  all  the  oharacten  of  a  ton-qiot 
maximnm  corona ;  the  Mma  in  a  Hmewbat  leea  degree  may  be  l^  of  lB8j  and  1B86, 
at  both  of  which  limee  the  iolar  aotivi^  wat  decreaiing,  Aithongh  the  polar  rlfti 
woe  wide  in  1886,  there  wai  no  very  marked  depreiiion  </  the  ^ndin^  group* 
toward!  the  equator,  nor  any  great  eqnatcnal  exten^on,  allhongli  the  relative 
nomber  of  inn-ipoti  Ibr  Angoit  18S6  wa*  only  ig'o.  Striking  therefiae,  ai  the 
evidence  in  hvonr  of  the  generallaationhaB  been  in  many  years,  ft  itill  eeemi  probable 
that  the  form  of  the  oorona  is  modified  by  other  causei  at  present  unknown  to  os." 


Ecum  or  1886,  Adodst  >9. 

"  Oood  photographi  w«m  takoi  at  Grenada  by  Hr.  Hanndar,  Dr.  Bohoster,  and 
Prot  W.  H.  Pickering.  The  northern  and  Mtitlieni  rifts  are  fidriy  tymmetrleal  about 
the  San'e  axis,  and  are  very  wide.  Hie  synelinal  gnmpa  bounding  the  rifts  an  wdl- 
marked,  bnt  very  oniymmetrioai,  being  deprssied  towards  the  equator  on  the  eastera 
dde,  wbile  tbe  ooneaponding  groups  on  the  west  are  neady  radial,  He  lonth-weat 
synclinal  gronp  b  narrow  and  oouical,  extending  to  a  greater  heigfat  than  any  otfaw 
part  of  the  cormia.  On  the  eastern  aide  the  coronal  extendon  ii  generally  less  thaa 
OB  (be  weetem,  and  the  mass  of  equatorial  rays  on  the  east  ii  of  much  lesa  trsadtb, 
and  is  lynollnal  in  characlsr.  The  wparsUon  between  the  southern  synolina]  groapa 
and  the  equatorial  rays  Is  unusually  well-marked.  Both  polar  ritU  are  filled  witli 
fln*  fay*  of  the  same  character  as  the  pdar  rays  In  1S78,  bnt  somewhat  less  regnlar. 

"One  of  nckning*!  negativn  shews  very  remarkable  rays  on  the  westoti  Mt, 
astandlng  to  a  bright  of  60*  from  the  llmb^  and  snrvlng  sompletely  over.  Ileae  ara 
by  tar  the  highest  rayi  of  this  character  that  have  ever  been  photogr^thed.    On  (Ua 
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ftccoBnt  the;  are  or  grent  intersat  if  the;  ue  ({eDuiiie  ooroDal  featur«,  bat  Prof. 
Piekering  can  onl;  detwt  tbem  on  one  of  bU  plates,  Mid  ihia  wu  tkken  on  k  very 
nnall  Kale,      Woiri  relative  montlil]'  number  of  gun-«|)ote  was  19>0.'' 


ECLIPSIi   OP 


'.  Apgubt  I 


"  The  extremely  nnfavi)i<ra1>le  weather  which  pre  railed  OTer  Europe  greatly  intertered 
with  the  Dtnervationg,  and  eeemi  to  have  prevented  luoceHful  photographi  being- 
taken  at  any  of  the  Riiieinn  Stntlone,    A  hand-drawing  of  the  coronik,  made  in  Siberis 
by  Dr.  Khandrikoff,  i«  given  on  Hale  XXI, 
Sufceiefnl  phoCographi,  otwbiob  positiTecopise 
have  been  sent  bo  England,  were  made  by  M. 
Sugiyamain Japan.  Judgingb^nutheBCci^iea. 
the  ooroDB  Bomenhat  reKmblee  that  uT  1878. 
but  the  peculiar  charactera  of  that  year  are 
IcM  Htrongly  marked  in  1B87.     The  rifts  are 
more   widely   open   than   in    18S6,   and   the 
□iiuiea  of  rays  bounding  the  rifts  are  mure 
dcpreased  towards  the  equator.    The  northern 
rift  is  filled  with  regular  rays  like  llie  pilkr 
ray«   of    1S7S,  but  in  the   aoatbem   rift  are 
broader,    denier,    and    nearly   radial    mauea, 
giving  quite  a  difFerent  aharacwr  tu  thi*  port 
of  the  corona.     Synclinal  groujiB,    separated 
^m  the  general  mass  of  equatorial  raya.  bound  the  goutbem  rift,  but  cannot  he 
clearly  made  out  in  the  nnrth.      Wolfs  relative  number  of  auD.«pot>  fnr  August 


r,  but  the  : 


mher  Rjr  the 


Ls  leH  than  Chat  for 


THB  TOTAI.  SCLIFBa  OF  TH>  BOV  OW  AUG.  1^  1887. 

(KMamdrOnff:) 
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CHAPTEK   VII. 


HISTORICAL   NOTICES*. 

EellptM  recorded  in  Ancient  History. — Eclipse  of  584  B.C. — Eelipte  of  556  B.C. — 
Eclipse  of  479  B.C. — Eclipse  of  430  B.C. — Eclipse  of  309  B.C. — A  Hustons  in  old 
English  Chronicles  to  Eclipses  of  the  Sun. 

THE  earliest  eclipse  on  record  is  one  given  in  the  Chinese 
history  named  the  Chou-kijig ;  it  has  been  supposed  that  a 
solar  eclipse  happened  on  Oct.  13,  2128  B.ff.^,  and  that  that  is 
the  one  there  alluded  to.  What  happened  in  connection  with  it 
was  this,  though  I  cannot  vouch  for  the  details.  Ho  and  Hi  the 
Astronomers  Royal  of  the  period  failed  to  give  timely  warning  of 
the  eclipse,  but  got  drunk  instead.  The  eclipse  happened  there- 
fore without  the  proper  religious  preparations  having  been  made, 
and  the  land  was  exposed  to  the  anger  of  the  gods.  To  appease 
them  the  officials  in  question  were  forthwith  executed.  If  this 
is  fact  and  not  romance,  the  record  is  a  very  interesting  one, 
contemporaneous  as  it  is  with  the  Patriarchs  of  the  Bible. 

One  of  the  most  celebrated  eclipses  of  the  Sun  recorded  in  his- 
tory is  that  which  occurred  in  the  year  585^  B.C.  It  is  notable, 
not  only  on  account  of  its  having  been  predicted  by  Thales,  who 
was  the  £u^t  ancient  astronomer  who  gave  the  true  explanation 
of  the  phenomena  of  eclipses,  but  because  it  seems  to  fix  the 
precise  date  of  an  important  event  in  ancient  history.     Herodotus 

*  See  the  Rev.  8.  J.  Johnson's  Eclipses  of  the  Moony  Part  I,  ''Obeervatioiis  on 

p(ut  and  future.    The   fullest   general  the    Moon    before    1750/'    pp.    37-54 

aooonnt  of  all  the  early  eclipoes  of  im-  (Washington,  1878). 

portanoe  is  that  which  will  be  found  in  **  Mem.  R.  A.8.,  vol.  xi.  p.  47.  1840. 
S.  Newcoinb*H  Researche*  on  thf  Motion 
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HISTORICAL   NOTICES". 

IB  AneUut  Hittory.—Ectipte  of  584  B.C.— iWipM  qf  S56  B.C. — 
M  itfil9  nc.—Eelipte  0/  430  B.C. — Eelipte  of  309  B.C. — Aliumotf  »  oH 
I  CAroKir/u  to  Eelipte*  of  the  Sun. 

\  earliest  eclipse  od  record  is  one  given  in  the  Chinese 

Ustory  namej  the  Ciou-khg  \  it  has  been  supposed  that  a 

r  eoIipBe  happened  on  Oct.  13,  2128  h.C^,  and  that  that  is 

one  there  alluded  to.     What  happened  in  connection  with  it 

■thu,  thou^'h  T  cannot  vouch  for  the  detaib.     Ho  and  Hi  the 

mers  Rfiyttl  of  the  period  failed  to  give  timely  warning  of 

llipse,  but  gut  drunk  instead.     The  eclipse  happened  there- 

^thout  tlic  proper  religious  preparations  having  been  made, 

Eho  liiud  wjLs  exposed  to  the  anger  of  the  gods.     To  appease 

I  the  oHiciiils  in  question  were  forthwith  executed.     If  this 

b  and  nut  rumance,  the  record  is  a  very  interesting  one, 

mporaucouH  as  it  is  with  the  Patriarchs  of  the  Bible. 

»  of  the  must  celebratied  eclipses  of  the  Sun  recorded  in  his- 

}'i)<.  tli.it  which  occurred  in  the  year  585_b.c,     It  is  notable, 

■iih  iin  .-icfount  of  its  having  been  predicted  by  Thales,  who 

R  titf  tiist  aucii-at  astronomer  who  gave  the  true  explanation 

[  the  phuuoniena  of  eclipses,  but  because  it  seems  to  fix  the 

«i»e  date  of  an  important  event  in  ancient  history.     Herodotas 

MUieIt«T. S,  J..l>:hDBi>ii'ft£Wi/i(u  nf  fkt  Moon,  Fkrt  I,  " Obumtioni  un 

f»titrt.     The    fuUeet    general  tbe    Moon     befure    1750,"    pp.     ''J-f.A 

.  all  tlw  twlj  eolit»e«  of  itn-  (Wuhington,  187S). 
h  (lut  whltdi  irill  be  found  io  ^  Mem.  B.A.S.,  toI.  j.\.  p.  47,  1840. 

Dnb't  BtutiTehrt  on  Ihr  Motion 
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HISTORICAL   NOTICES «. 

Eelipiat  recorded  in  Ancient  History. — Eclipse  of  584  B.C. — Ecfipse  of  556  B.C. — 
Eclipse  of  479  B.C. — Eclipse  of  430  B.C. — Eclipse  of  309  B.C. — A  Hustons  in  old 
Englith  Chronicles  to  Eclipses  of  the  Sun. 

THE  earliest  eclipse  on  record  is  one  given  in  the  Chinese 
history  named  the  Chou-king ;  it  has  been  supposed  that  a 
solar  eclipse  happened  on  Oct.  13,  2128  b.C^  and  that  that  is 
the  one  there  alluded  to.  What  happened  in  connection  with  it 
was  this,  though  I  cannot  vouch  for  the  details.  Ho  and  Hi  the 
Astronomers  Royal  of  the  period  failed  to  give  timely  warning  of 
the  eclipse,  but  got  drunk  instead.  The  eclipse  happened  there- 
fore without  the  proper  religious  preparations  having  been  made, 
and  the  land  was  exposed  to  the  anger  of  the  gods.  To  appease 
them  the  officials  in  question  were  forthwith  executed.  If  this 
is  fact  and  not  romance,  the  record  is  a  very  interesting  one, 
contemporaneous  as  it  is  with  the  Patriai'chs  of  the  Bible. 

One  of  the  most  celebrated  eclipses  of  the  Sun  recorded  in  his- 
tory is  that  which  occurred  in  the  year  585  B.C.  It  is  notable, 
not  only  on  account  of  its  having  been  predicted  by  Thales,  who 
was  the  £u^t  ancient  astronomer  who  gave  the  true  explanation 
of  the  phenomena  of  eclipses,  but  because  it  seems  to  fix  the 
precise  date  of  an  important  event  in  ancient  history.     Herodotus 

•  See  the  Rev.  S.  J.  .TohnBon's  Eclipses  of  the  Moony  Part  I,  "Observations  on 

past  and  future.     The   fullest   general  the    Moon    before    1750/'    pp.    27-54 

aooonnt  of  all  the  early  eclipses  of  im-  (Washington,  1878). 

portanoe  is  that  which  will  l)e  found  in  *>  Mem.  R.  A.S.,  vol.  xi.  p.  47.  1840. 
S.  Newcomb's  Rfsearchm  on  thf  Motion 

Y 


322  Eclipses  and  Associated  Phenomena.   [Book  II. 

describes  a  wax  that  had  been  carried  on  for  some  years  be- 
tween the  Lydians  and  the  Medes ;  and  gives  an  account  of 
the  following  circumstances  which  led  to  its  premature  termina- 
tion:— 

**  As  the  balance  had  not  inclined  in  favoar  of  either  nation,  another  engagement 
took  place  in  the  6th  year  of  the  war,  in  the  course  of  which,  jast  as  the  battle  was 
growing  warm,  day  was  suddenly  turned  into  night  {<rvy^vtnc€  Start  r^r  f^xyi^  ffvyt- 
crtiHnjs  rijv  ^/Jiifnjy  i^awltnjs  rvtm  ytvicBai).  This  event  had  been  foretold  to  the 
lonians  by  Thales  of  Miletus,  who  predicted  for  it  the  very  year  in  which  it  actually 
took  place.  When  the  Lydians  and  Medes  observed  the  change  they  ceased  fighting, 
and  were  alike  anxious  to  conclude  peace.**  Peace  was  accordingly  agreed  upon  and 
cemented  by  a  twofold  marriage.  ''For  without  some  strong  bond,  there  is  little 
security  to  be  found  in  men's  covenants." 

So  adds  the  historian®.  The  exact  date  of  this  interesting 
event  was  long  disputed,  and  the  solar  eclipses  of  6io,  593,  and 
particularly  585  B.C.,  were  each  fixed  upon  as  the  one  mentioned 
by  Herodotus ;  and  it  is  only  within  the  last  few  years  that  the 
point  has  been  finally  settled  in  favour  of  the  last-mentioned 
eclipse,  and  that  chiefly  through  the  researches  of  Sir  G.  B.  Airy, 
who  gives,  as  the  date  of  the  eclipse  in  question,  May  28,  585 
B.c.^  This  is  reconcileable  with  the  statements  of  Cicero  and 
Pliny. 

Another  important  ancient  eclipse  is  that  mentioned  by  Xeno- 
phon,  in  the  Anabam,  as  having  led  to  the  capture  by  the  Persians 
of  the  Median  city  Larissa.  In  the  retreat  of  the  Greeks  on  the 
eastern  side  of  the  Tigris,  not  long  after  the  seizure  of  their 
commanders,  they  crossed  the  river  Zapetes,  and  also  a  ravine, 
and  then  came  to  the  Tigris.  At  this  place,  according  to  Xeno- 
phon,  there  stood — 

"  A  large  deserted  city  called  Larissa,  formerly  inhabited  by  the  Medes ;  its  wall 
was  35  feet  thick,  and  100  feet  high ;  its  circumference  2  parasangs ;  it  was  built  of 
burnt  brick  on  an  understructure  of  stone  ao  feet  in  height.  When  the  Persians 
obtained  the  empire  firom  the  Medes,  the  king  of  the  Persians  besieged  the  city,  but 
was  unable  by  any  means  to  take  it  till  a  cloud  having  covered  the  Sun  and  caused 
it  to  disappear  completely,  the  inhabitants  withdrew  in  alarm,  and  thus  the  city 
was  captured  *.** 

^  Herod.,  lib.  i.  cap.  74. 

<*  Phil.  2VafM.,vol.czliii.pp.  191-197. 1853.  JfonM.A'o^, vol. xviii. p.  i43.Mar.  1858. 

*  Anab.f  lib.  iii.  cap.  4.  $  7. 
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The  historian  then  goes  on  to  say  that  the  Greeks  in  continuing 
their  march,  passed  by  another  ruined  city  named  Mespila.  The 
minute  description  given  by  Xenophon  enabled  Layard,  Felix 
Jones,  and  others,  to  identify  Larissa  with  the  modem  Nimrud, 
and  Mespila  with  Mosul.  It  has  been  thought  that  the  phenomenon 
to  which  the  Greek  author  refers  as  having  led  to  the  capture  of  the 
above-mentioned  city,  was  no  other  than  a  total  eclipse  of  the 
Sun,  and  Airy  arrived  at  the  conclusion  that  the  eclipse  referred  to 
is  that  which  occurred  on  May  19,  557  B.C.' 

In  the  same  year  as  that  in  which,  according  to  the  common 
account,  the  battle  of  Salamis  was  fought  (480  B.C.),  there  oc- 
curred a  phenomenon  which  is  thus  adverted  to : — 

**  At  the  first  approach  of  spring  the  aniiy  quitted  Sardis,  and  marched  towards 
Abydot ;  at  the  moment  of  its  departure  the  Sun  suddenly  quitted  its  place  in  the 
heaTens  and  disappeared  {6  IjKioi  ixkiiruv  r^v  ite  rod  ovpavov  Vifnpp  d^ai^  ^i^),  though 
there  were  no  clouds  in  sight,  and  the  sky  was  quite  clear ;  day  was  thus  turned  into 
night  (di^J  ^t^ipfjt  T€  vif^  iylvtro)  «." 

This  account,  interpreted  as  a  record  of  a  total  solar  eclipse, 
has  given  great  trouble  to  chronologers,  and  it  is  still  uncertain 
to  what  eclipse  reference  is  made.  If  Hind's  theory  that  the 
eclipse  of  Feb.  17,  478  B.C.  is  the  one  referred  to,  is  sound,  we 
must  consider  that  the  battle  of  Salamis  is  an  event  less  remote 
by  2  years  than  has  usually  been  supposed.  Airy  "  thinks  it  ex- 
tremely probable  "  that  the  narrative  relates  to  the  total  eclipse 
of  the  Moon,  which  happened  478  B.C.,  March  13^  15^  G.M.T.** 

A  total  eclipse  of  the  Sun,  supposed  to  have  been  that  of 
August  3,  431  B.C.,  nearly  prevented  the  Athenian  expedition 
against  the  Lacedaemonians,  but  a  happy  thought  occurring  to 
Pericles,  commander  of  the  forces  belonging  to  the  foimer  nation, 
the  difficulty  was  got  over. 

"The  whole  fleet  was  in  readiness,  and  Pericles  on  board  his  own  galley,  when 
there  happened  an  eclipse  of  the  Sun.    The  sudden  darkness  was  looked  upon  as  an 

'  Month,  Not.y  vol.  zvii.  p.  234.  June  Pelopidag,  31.    Diod.  Sia,  lib.  zv.  cap. 

1857.    Newcomb  doubts   this  being  an  80.    Groie,  Hiti.ofOreecej  yo\.x. -p.  42^, 

eclipse  at  all.    And  see  a  letter  by  Lynn  ^  Phil.  Trans.,  yol.  czllii.  p.  197.  1853. 

in   Ob$ervaioiyt  vol.  vii.  p.  380.     Dec.  See  also  Blakesley*s  Herod.,  in  loco,  and 

1884.  some  criticisms  by  Lynn  in  Obtervaiory^ 

*  Herod.,  lib.  vii.  cap.  37.     Plutarch,  vol.  vii.  p.  138,  May  1884. 
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cmfkyonrable  omen,  and  threw  the  sailon  into  the  greatest  conBtemation.  Pericles 
obseiring  that  the  pilot  was  much  astonished  and  perplexed,  took  his  cloak,  and 
having  covered  his  eyes  with  it,  asked  him  if  he  foand  anything  terrible  in  that,  or 
considered  it  as  a  bad  presage  t  Upon  his  answering  in  the  negative,  he  said,  *  Where 
is  the  difference,  then,  between  this  and  the  other,  except  that  something  bigger  than 
my  cloak  causes  the  eclipse  M*  *' 

Thucydides  says : — 

'*  In  the  same  summer,  at  the  beginning  of  a  new  lunar  month  (at  which  time 
alone  the  phenomenon  seems  possible),  soon  after  noon  the  Sun  suffered  an  eclipses ; 
it  assumed  a  crescent  form,  and  certain  of  the  stars  appeared :  after  a  while  the  Sun 
resumed  its  ordinary  aspect  ^." 

An  ancient  eclipse,  known  as  that  of  Agathocles,  has  also  been 
investigated  by  Sir  G.  B.  Airy,  and  previously  by  Baily.  It 
took  place  on  August  14,  310  B.C.  This  eclipse  is,  according  to 
ancient  writers,  associated  with  an  interesting  historical  event. 
Agathocles,  having  been  closely  blockaded  in  the  harbour  of 
Syracuse  by  a  Cai*thaginian  fleet,  took  advantage  of  a  temporary 
relaxation  in  the  blockade,  occasioned  by  the  absence  of  the 
enemy  in  quest  of  a  relieving  fleet,  and  quitting  the  harbour  of 
Syracuse,  he  landed  on  the  neighbouring  coast  of  Africa,  at  a 
point  near  the  modem  Cape  Bon,  and  devastated  the  Cartha- 
ginian territories.  It  is  stated  that  the  voyage  to  the  African 
coast  occupied  6  days,  and  that  an  eclipse  (which  from  the 
description  was  manifestly  total)  occurred  on  the  2nd  day.  Dio- 
dorus  Siculus  says  that  the  stars  were  seen^  so  that  no  doubt 
can  exist  as  to  the  totality  of  the  eclipse.  Baily,  however,  found 
that  there  existed  an  irreconcileable  difference  between  the  cal- 
culated path  of  the  shadow  and  the  historical  statement,  a  space 
of  about  180  geographical  miles  appearing  between  the  most 
Southerly  position  that  can  be  assigned  to  the  fleet  of  Agathocles 
and  the  Northerly  limit  of  the  phase.  "  To  obviate  this  discord- 
ance, it  is  only  necessary  to  suppose  an  error  of  about  3'  in  the 
computed  distances  of  the  Sun  and  Moon  at  conjunction,  a  very 
inconsiderable  correction  for  a  date  anterior  to  the  epoch  of  the 
Tables  by  more  than  21  centuries"." 

'  Plutarch,  Vtia  Peridu.  lib.  xxii.  cap.  6. 

*  Thucyd.,  lib.  ii.  cap.  a8.  «  Phil.  Trans.,  vol.  cxliii.  pp.  187-191. 

'  Diodor.  Sic,  lib.  xx.  cap.  i.    Justin.,       1853. 
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In  the  work  mentioned  in  the  note  below  °  there  will  be  found 
an  extremely  interesting  epitome  of  all  the  discussions  which 
have  taken  place  respecting  the  Eclipses  of  the  Sun  of  6io,  603, 
585*  557i  fi^d  310  B.C.,. together  with  charts  of  the  tracks  of  the 
shadow  on  each  occasion.  The  writer,  the  late  Mr.  J.  W. 
Bosanquet,  F.R.A.S.,  also  brings  out  very  clearly  the  way  in 
which  these  eclipses  are  available  for  settling  points  of  chro- 
nology. 

In  the  writings  of  the  early  English  chroniclers  are  to  be  found 
numerous  passages  relating  to  total  eclipses  of  the  Sun.  The 
eclipse  of  August  2,  1 133,  was  considered  a  presage  of  misfortune 
to  Henry  I. :  it  is  thus  referred  to  by  William  of  Malmesbury : — 

*'  The  (flemenU  mAnifesied  their  sorrow  at  this  great  man's  last  departure.  For 
the  Sun  on  that  day  at  the  6^'*  hour  shrouded  his  glorious  fiuse,  as  the  poets  say, 
in  hideous  darliness,  agitating  the  hearts  of  men  by  an  eclipse ;  and  on  the  6^  day  of 
the  week,  early  in  the  morning,  there  was  so  great  an  earthquake  that  the  ground 
appeared  absolutely  to  sink  down ;  an  horrid  noise  being  first  heard  beneath  the 
surfaced" 

The  same  writer,  speaking  of  the  total  eclipse  of  March  20, 
1 140,  says: — 

**  During  this  year,  in  Lent,  on  the  13^  of  the  calends  of  April,  at  the  9^  hour  of 
the  4^  day  of  the  week,  there  was  an  eclipse,  throughout  England,  as  I  have  heard. 
With  us,  indeed,  and  with  all  our  neighbours,  the  obscuration  of  the  Sun  also  was  so 
remarkable,  that  persons  sitting  at  table,  as  it  then  happened  almost  everywhere,  for 
it  was  Lent,  at  first  feared  that  Chaos  was  come  again:  afterwards  learning  the 
cause,  they  went  out  and  beheld  the  stars  around  the  Sun.  It  was  thought  and  said 
by  many,  not  untruly,  that  the  king  [Stephen]  would  not  continue  a  year  in  the 
government  '.*' 

■  Mesfiak  ike  Prince^  or  the  Inepxra-  p  HxMt.  Nov.,  lib.  ii.    See  also  Sax, 

iianqf  the  Prophecies  0/ Daniel*  anded.,  Chron.,  Thorpe*s  Trans.,  p.  253.     8vo. 

8vo.  Lond.  1869.  London,  1861. 

•  Ri$i.  Nov.,  Ub.  i. 
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CHAPTER    VIII. 

ECLIPSES   OF  THE   MOON. 

Lunar  Sdiptea  of  less  interest  than  Solar  ones. — Summary  of  facts  connected  with 
them. — Peculiar  circumstances  noticed  during  the  Eclipse  of  March  19,  1848. — 
Observations  of  Forster. — Wargentin's  remarks  on  the  Eclipse  of  May  18. 
1 76 1. — Kepler* s  explanation  of  these  peculiarities  being  due  to  Meteorological 
causes. — Admiral  8myth*s  account  of  the  successive  stages  of  the  Eclipse  of  Oct. 
I3i  1837.— T%0  Eclipse  of  Jan.  a8,  iSSS.- The  Eclipse  of  Sept.  2,  1830,  as 
witnessed  in  Africa  by  B.  and  J.  Lander.— ChaldtBan  observations qf  Eclipses. — 
Other  ancient  Eclipses. — Anecdote  of  Columbus. 

AN  eclipse  of  the  Moon,  though  inferior  in  importance  in  all 
-  senses  to  one  of  the  Sun,  is  nevertheless  by  no  means 
devoid  of  interest ;  it  is  either  partial  or  total  *,  according  to  the 
extent  to  which  our  satellite  is  immersed  in  the  Earth's  shadow. 
In  a  total  eclipse  the  Moon  may  be  deprived  of  the  Sun's  light 
for  I**  50",  and  reckoning  from  the  first  to  the  last  contact  of  the 
penumbra,  the  phenomenon  in  its  various  stages  may  last  5^  30™, 
but  this  is  the  outside  limit.  The  obscuration  is  found  to  last 
longer  than  calculation  assigns  to  it.  This  is  due  to  the  fact 
that  no  account  is  taken  in  the  calculations  of  the  denser  strata 
of  the  atmosphere  through  which  the  rays  have  to  pass,  which 
cause  an  obstructive  effect  analogous  to  that  of  the  solid  matter 
of  the  Earth.  From  numerous  observations  made  during  the 
eclipse  of  Dec.  26, 1833,  Beer  and  Madler  found  that  the  apparent 
breadth  of  the  shadow  was  increased  by  3V  ^^  account  of  the 
terrestrial  atmosphere.    "  Owing  to  the  ecliptic  limits  of  the  Sun 

*   But    never    annular,    because    the       from  the  Earth,  is  always  in  excess  of 
diameter  of  the  Earth's  shadow,  at  the      the  diameter  of  the  lunar  disc, 
greatest  possible  distance  of  the  Moon 
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exceeding  those  of  the  Moon,  there  are  more  eclipses  of  the 
former  luminary  than  of  the  latter ;  hut  on  account  of  the  com- 
paratively small  extent  of  the  f^arth's  surface  to  which  a  solar 
eclipse  is  visible,  the  eclipses  of  the  Moon  are  more  frequently 
seen  at  any  particular  place  than  those  of  the  Sun." 

^ig-  ^57  ^  designed  to  illustrate  roughly  the  different  conditions 
of  eclipses  of  the  Moon.  A  B  is  the  ecliptic,  C  D  the  Moon's 
path.  The  3  black  circles  are  imaginary  sections  of  the  Earth's 
shadow,  when  in  3  successive  positions  in  the  ecliptic.     If  the 

Pig  «S7- 


coDJnnction  in  longitude  of  the  E^arth  and  Moon  occurs  when 
the  Moon  is  at  E,  it  escapes  eclipse  -,  if  the  Moon  is  at  F,  it  suffers 
a  partial  obscuration,  but  if  the  Moon  b  at  or  very  near  ita  node, 
indicated  by  G,  it  will  be  wholly  involved  in  the  Earth's  shadow 
and  a  iotal  eclipse  will  be  the  result. 

Whereas  solar  ecUpBos  always  begin  on  the  Western  side  and 
go  off  on  the  Eastern,  lunar  eclipses  on  the  contrary  commence 
on  the  Eastern  aide  and  go  off  on  the  Western. 

Even  when  most  deeply  immersed  in  the  Earth's  shadow,  our 
satellite  does  not,  except  on  rare  occasions,  wholly  disappear,  but 
may  be  generally  detected  with  a  telescope  (and  frequently  with 
the  naked  eye),  exhibiting  a  dull  red  or  coppery  colour.  This 
was  exemplified  in  a  very  remarkable  manner  in  the  case  of  the 
echpse  of  March  19,  1848,  on  which  occasion  the  Moon  was 
seen  so  clearly  that  many  persons  doubted  the  reality  of  the 
eclipse. 
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Mr.  Forster,  who  observed  the  eclipse  at  Bruges,  writes  as 
follows : — 

"  I  wish  to  call  your  alteniion  to  the  fact  which  I  have  clearly  aaoertaiiied,  that 
during  the  whole  of  the  lata  eclipse  of  March  19,  the  shaded  surface  presented 
a  luminosity  quite  unusual,  probably  about  three  times  the  intensity  of  the  mean 
illumination  of  the  eclipsed  lunar  disc  The  light  was  of  a  deep  red  colour.  During 
the  totality  of  the  eclipse,  the  light  and  dark  places  on  the  face  of  the  Moon  could  be 
almost  as  well  made  out  as  on  an  ordinary  dull  moonlight  night,  and  ihe  deep  red 
colour  where  the  sky  was  clearer  was  very  remarkable  from  the  contrasted  whiteness 
of  the  stars.  My  observations  were  made  with  different  telescopes;  but  all  presented 
the  same  appearance,  and  the  remarkable  luminosity  struck  every  one.  The  British 
Consul  at  Ghent,  who  did  not  know  there  was  an  ecliput  wrote  to  me  for  an  explana- 
tion of  the  blood-red  colour  of  the  moon  at  9  o*clock  *>.'* 

As  a  complement  to  this  observation,  I  may  quote  one  by 
Wargentin  of  the  total  eclipse  of  May  18,  1761.  He  says  that 
1 1"  after  the  commencement  of  the  phase — 

*<  The  Moon*8  body  had  disappeared  so  completely  y  that  not  the  slightest  trace  of  any 
portion  of  the  lanar  disc  could  he  discerned  either  with  the  naked  eye  or  with  the 
telescope^  although  the  sky  was  clear,  and  the  stars  in  the  vicinity  of  the  Moon  were 
distinctly  visible  in  the  telescope  <:." 

The  red  hue  was  long  a  phenomenon  for  which  no  explanation 
could  be  found ;  by  some  it  was  considered  to  be  due  to  a  light 
naturally  inherent  to  the  Moon's  surface,  but  Kepler  was  the  first 
to  offer  a  more  scientific  explanation.  He  shewed  that  the  phe- 
nomenon was  a  direct  result  of  the  refraction  of  the  Earth's 
atmosphere,  which  had  the  effect  of  turning  the  course  of  the 
solar  rays  passing  through  it,  causing  them  to  fall  upon  the  Moon 
even  when  the  Earth  was  actually  interposed  between  them  and 
the  Sun.  That  the  colour  of  the  Moon's  surface  is  red  is  due  to 
the  fact  that  the  blue  rays  of  light  are  absorbed  in  passing 
through  the  terrestrial  atmosphere,  in  the  same  manner  as  the 
Western  sky  is  frequently  seen  to  assume  a  ruddy  hue  when 
iUuminated  in  the  evening  by  the  solar  rays.  On  account  of  the 
variable  meteorological  condition  of  our  atmosphere  the  quantity 
of  light  actually  transmitted  is  liable  to  considerable  fluctuations, 

*>  Jfon^.iVo^.,vol.viii.p.i3a.  Mar.1848.  stellis  vicinis  in  tubo  conspicuis."    Other 

0  Phil.  Trans. f  vol.  li.  p.  a  10.     1761.  eclipses,  where  the  same  thing  occurred. 

The   original    runs   thus:    ''Tota  luna  took  place  on  June  15,  1620  (Kepler, 

ita  prorsuB  disparuerat,  ut  nullum  ejus  Epist.  Asl.,  p.  825);    April  25,   1642 

vestigium,  vel  nudis,  vel  armatis  oculis,  (Hevelius,  Selenoy.,  p.  117);  and  June 

sensibile  restaret,  ccelo  licet  sereno,  et  10,  1816  ^Beer  and  Madler). 
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and  hence  arises  a  corresponding  variation  in  the  appearances 
presented  by  the  Moon's  surface  during  her  immersion  in  the 
Earth's  shadow.  If  the  portion  of  the  atmosphere  through  which 
the  solar  rays  have  to  pass  is  everywhere  tolerably  free  from 
vapour,  the  red  rays  will  be  almost  wholly  absorbed,  but  not  so 
the  blue,  and  the  illumination  will  be  too  feeble  to  render  the 
Moon's  surface  visible  :  as  in  the  instances  cited  in  note®,  p. 328. 
K,  on  the  other  hand,  the  region  of  the  atmosphere  through  which 
the  solar  rays  pass  be  everywhere  highly  saturated,  the  red  rays 
will  be  transmitted  to  the  Moon  in  great  abundance,  and  its 
surface  will  consequently  be  highly  illuminated  ^.  Such  was  the 
case  in  the  eclipse  of  March  1848  already  referred  to.  K,  more- 
over, the  region  of  the  atmosphere  through  which  the  rays  pass 
be  saturated  only  in  some  parts  and  not  in  others,  it  follows  that 
some  portions  of  the  Moon's  disc  will  be  invisible  whilst  others 
will  be  more  or  less  illuminated.  Such  an  occurrence  was  seen 
by  Kepler*  on  Aug.  16,  1598,  and  by  Sir  J.  Herschel  and  Smyth 
on  Oct.  13,  1837. 

Smyth  has  recorded  what  he  saw  at  each  stage  of  this  eclipse 
and  it  is  worth  while  to  give  his  account  ^  with  the  sketch  which 
accompanies  it,  for  the  two  together  will  serve  as  a  model  for 
observers  desirous  of  knowing  how  to  record  the  progress  of  an 
eclipse  of  the  Moon. 

**  a  3**  55"  o"'     A  light  grey  penumbra  appearing. 

"  2 a'*  55™  40*.    The  Moon  suffused  with  a  copper  tint. 

"33^57*"  I  a*.  The  dark  shadow  impinged  on  the  lunar  limb,  and  gradually 
marched  over  Grimaldus  (a)i 

*'  2^^  I™  17*.  Touched  the  crater  of  Aristarchus,  the  shadow  filling  the  valleys  as 
it  advanced,  then  ascending  the  hills,  and  extinguishing  their  bright  sununits  (&). 

**  33^  13"^  a 5*.  Reached  the  fine  regions  of  Copernicus,  part  of  the  cloud  to  the 
South  crossing  Gassendus.    The  stars  gradually  increasing  in  brightnesa  (r). 

*<  2^h  ^am  381.  Across  the  lunar  disc,  and  through  the  streaky  range  of  Tycho. 
Darkness  increased  so  as  to  show  the  Milky  Way  (<2'. 

**  a3^  44™  47*.  The  umbra  passed  the  rugged  mountains  of  Theophilus,  soon  after 
which  sea-green  tints  were  observable  (e). 

^  Johnson  does  not  consider  that  these  doubt  that  the  whole  question  needs  more 

explanations  accord  with  the  observed  investigation  and  discussion, 

meteorological  facts.    {Month.  Not.,  vol.  *  Ad  Vitell.  Paralipom. 

xlv.  p.  44.  Nov.  1884.)     Monck  Ukes  '  Cifcie  qfCelcMt.  Obj„  vol.  i.  p.  144. 
the   same   view,  and  it  in   not  open  to 
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**  23**  54™  io».  The  sIumIow  became  more  transparent,  and  the  whole  orb  visible, 
BO  that  the  spots  and  other  particalars  of  the  selenography  were  revealed  (/). 

"  c^  8™  8".  The  sea-green  tint  spread  all  over  the  Moon.  A  star  nearly  in  a  line 
with  Aristarohos  and  Copernicus,  dose  to  the  moon*B  limb,  was  occulted  35" 
afterwards. 

"o*^  aa™  40*.  The  moon  became  lighter  all  over.  Perhaps  the  retina  of  the  eye 
had  been  fatigued  by  the  lunar  brightness  at  first,  and  was  now  awakening  to  delicate 
impressions. 

*'  o^  58™  40*.  The  shadows  seemed  to  be  of  a  dark  neutral  tint,  diluted  in  its 
intensity  by  refracted  light ;  a  streak  of  sea-green  towards  Aristarohus.    Turned  the 

Fig.  158. 
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telescope  upon  the  nebula  76  Messier,  as  a  gauge,  and  saw  it  beautifully;  but  it 
gradually  faded  as  the  Moon  emerged. 

tt  jh  2gm  2  !■.  While  the  experiments  were  being  made  on  nebula,  during  the  total 
obscuration,  the  green  tints  were  displaced  by  the  copper  ones,  and  a  silvery  light 
appeared  over  Grimaldus  (^). 

'•  1^  40™  39*.  Aristarchus  became  uncovered,  and  its  brightness  rendered  the 
obscured  part  more  opaque  (A). 

"  jh  52™  ia».  Copernicus  and  Tycho  uncovered.  The  smaller  stars  retiring  and 
all  of  them  dimming  (t). 

tt  3I1  2Qm  gg«,  Theophilus  re-appeared  almost  in  full  splendour.  The  nebula  76 
Messier  only  perceptible  from  a  knowledge  of  its  form  and  place  (Jk). 
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•<  2I1  3^  3o».  The  small  obsoured  se^ent  of  a  ourioas  dark  tint,  leesening  with 
a  smooth  motion  (J), 

''  ai>  31"*  4".  The  shadow  entirely  left  the  moon,  and  the  eclipse  terminated.  Hie 
smaller  stars  vanished,  and  none  but  the  more  brilliant  visible.  The  moon  as  splendid 
as  ever." 

The  Bev.  Canon  Beechey  writing  of  the  eclipse  of  Oct.  4, 1884, 
mentions  that  during  totality  the  Moon  presented  "one  equal 
flat  tint  of  cold  grey,  through  which  every  feature  of  the  lunar 
surface  was  distinctly  visible ;  **  and  that  the  eclipse  generally  was 
"  remarkably  similar  to  the  one  described  by  Smyth  "  as  having 
happened  on  Oct.  13,  1837. 

The  following  account  of  the  eclipse  of  Jan.  a8,  1888,  will  be 
found  to  present  several  points  of  interest « : — 

"The  phase  of  total  eclipse  began  nominally  at  10.30  Q.  M.T.,  but  it  was  not 
until  fuUy  ao  minutes  after  this  that  the  last  remains  of  the  silvery  shading  along 
the  west  limb  of  the  Moon  had  entirely  disappeared.  Up  till  the  time  that  it  did 
disappear  the  familiar  coppery  hue  often  seen  in  total  eclipses  of  the  Moon  was  not 
at  all  uniformly  spread  over  the  Moon*s  disc;  indeed  there  was  no  more  than  a 
coppery  patch  somewhat  to  the  east  of  the  centre  of  the  disc  for  a  long  time,  and  I 
doubted  whether  this  usual  concomitant  of  a  lunar  total  eclipse  was  going  to  be  at  all 
a  conspicuous  feature.  However,  as  time  wore  on  and  the  middle  of  the  eclipse  drew 
near,  the  whole  disc  (at  11.  ao)  became  overspread  with  the  coppery  hue.  I  speak  of 
it  under  this  name  because  it  is  the  term  usually  employed,  but  in  reality  the  tinge 
was  more  pink  than  coppery  in  the  usual  sense  of  the  word,  and  it  was  much  paler 
than  usual ;  so  much  so  indeed  that  in  the  middle  of  the  totality  (at  11.30)  it  was 
easy  enough  not  only  to  see  the  whole  disc  of  the  Moon  but  also  to  identify  some  of 
the  more  conspicuous  craters,  such  as  Tycho,  Copernicus,  and  Kepler,  as  well  as 
several  of  the  larger  '  seas.* 

'*  By  11.37  a  further  change  of  aspect  had  manifested  itself,  and  a  silvery  hue  had 
begun  to  appear  on  the  east  limb  much  sooner  than  one  would  have  expected  in  the 
ordinary  course  of  things. 

"During  the  next  10  minutes  a  further  enfeeblement  of  the  pink  hue  took  place 
more  or  less  all  round  the  margin  of  the  disc,  with  the  result  that  the  Moon  (looked 
at  with  the  naked  eye)  presented  an  appearance  scarcely  different  from  that  which 
she  oftens  presents  during  a  common  London  fog. 

"  At  1 1.55,  a  small  star  which  had  been  occulted  by  the  Moon  reappeared,  and  its 
pure  white  light  offered  a  curious  contrast  to  the  muddy  pink  of  the  Moon. 

"  Soon  after  this  the  atmosphere  began  to  get  hazy  all  round,  and  before  the  total 
phase  ended  (at  i  i.io)  the  pink  hue  had  become  greatly  enfeebled,  though  it  did  not 
finally  disappear  for  a  considerable  time — half  an  hour  or  more. 

**  The  haze  varied  much  from  minute  to  minute,  and  every  now  and  then,  when  a 
little  denser,  its  effect  on  the  Moon  was  to  make  her  look  like  a  perfect  snowy  sphere, 
and  her  globular  form  was  brought  out  with  intense  reality,  constituting  a  sight  of 
remarkable  beauty.'' 

»  Letter  in  the  Times,  Jan.  31,  1888.     (G.F.C.) 
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The  celebrated  African  explorers,  the  Landers,  graphically  de- 
scribe what  took  place  on  the  occasion  of  the  eclipse  of  the  Moon 
of  Sept.  2,  1 830.     They  say : — 

**  The  earlier  part  of  the  evening  had  been  mild,  serene,  and  remarkably  pleasant. 
The  Moon  had  arisen  with  unoommon  lastre,  and  being  at  the  fall,  her  appearance 
was  extremely  delightfiil.  It  was  the  conclusion  of  the  holidays,  and  many  of  the 
people  were  enjoying  the  delidoos  coolness  of  a  serene  night,  and  resting  from 
the  laborioQS  exertions  of  the  day ;  but  when  the  Moon  became  gradually  obscured, 
fear  overcame  every  one.  As  the  eclipse  increased  they  became  more  terrified.  All 
ran  in  great  distress  to  inform  their  sovereign  of  the  circumstance,  for  there  was  not 
a  single  doud  to  cause  so  deep  a  shadow,  and  they  could  not  comprehend  the  nature 
or  meaning  of  an  eclipse. . .  .Groups  of  men  were  blowing  on  trumpets,  which  produced 
a  harsh  and  discordant  sound;  some  were  employed  in  beating  old  drums;  others 
again  were  blowing  on  bullocks*  horns.  ...The  diminished  light,  when  the  eclipse  was 
complete,  was  just  sufficient  for  us  to  distinguish  the  various  groups  of  people,  and 
oontributed  in  no  small  degree  to  render  the  scene  more  imposing.  If  a  European, 
a  stranger  to  Africa*  had  been  placed  on  a  sudden  in  the  midst  of  the  terror-struck 
people,  he  would  have  imagined  himself  to  be  among  a  legion  of  demons,  holding 
a  revel  over  a  fallen  spirit  ^." 

It  is  to  the  Chaldseans  that  we  owe  the  earliest  recorded  obser- 
vations of  lunar  eclipses,  as  mentioned  by  tolemy.  The  first  of 
these  took  place  in  the  27^^  year  of  the  era  of  Nabonassar,  the 
first  of  the  reign  of  Mardokempadius,  on  the  29^^  day  of  the 
Egyptian  month  Thoth^  answering  to  March  19,  720  B.C.,  according 
to  our  mode  of  reckoning.  It  appears  to  have  been  total  at 
Babylon,  the  greatest  phase  occuiTing  at  about  9**  30™  p.m.  The 
second  was  a  partial  eclipse  only;  it  happened  at  midnight  on 
the  1 8***  of  the  month  Thotk,  or  on  March  8,  719  B.C.  The  third 
took  place  in  the  same  year,  on  the  15*^  of  the  month  Phammuth^ 
or  Sept.  I,  719  B.C.  The  magnitude  of  the  eclipse,  according  to 
Ptolemy,  was  6  digits  on  the  southern  limb,  and  it  lasted  3  hours, 
having  commenced  soon  after  the  Moon  rose  at  Babylon. 

Three  eclipses  recorded  by  Ptolemy  and  which  happened  in 
523,  502,  and  491  B.C.,  assisted  Sir  I.  Newton  in  ascertaining  the 
terminus  a  quo  from  which  the  "  70  weeks  "  of  years  were  to  be 
calculated  which  the  prophet  Daniel  (ix  24)  predicted  were  to 
precede  the  death  of  Christ.     And  this  terminus  a  quo  is  on  good 

^  R.  and  J.  Lander,  Jovrmil  o/an  Expedition  to  explore  the  Niger,  vol.  i.  p.  366, 
New  York,  1844. 
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grounds  considered  to  have  been  the  restoration  of  the  Jews 
under  Artaxerxes  in  his  7***  year  (457  B.C.)*. 

An  eclipse  occurred  in  the  4*^  year  of  the  91"*  Olympiad,  the 
19***  of  the  Peloponnesian  war,  answering  to  Aug.  27,  412  B.C., 
which  produced  very  disastrous  consequences  to  the  Athenian 
army,  owing  to  the  obstinacy  of  their  general  Nicias  K  Modem 
calculations  shew  that  it  was  total  at  Syracuse. 

The  eclipse  of  the  Moon  which  happened  on  March  13,  4  B.C., 
serves  to  determine  the  date  of  our  Saviour's  birth.  This  event 
preceded,  by  a  few  weeks,  the  death  of  Herod,  and,  according  to 
Josephus^,  that  occurrence  took  place  soon  after  a  lunar  eclipse 
which  has  been  identified  as  stated  ^  The  Nativity  took  place 
in  the  Autumn  or  Winter  of  5  B.C. 

An  eclipse  of  the  Moon,  which  happened  on  March  1,  1504, 
proved  of  much  service  to  Columbus™.  His  fleet  was  in  great 
straits,  owing  to  the  want  of  supplies,  which  the  inhabitants  of 
Jamaica  refused  to  give.  He  accordingly  threatened  to  deprive 
them  of  the  Moon's  light,  as  a  punishment.  His  threat  was 
treated  at  first  with  indifference,  but  when  the  eclipse  actually 
commenced,  the  natives,  struck  with  terror,  instantly  commenced 
to  collect  provisions  for  the  Spanish  fleet,  and  thenceforward 
treated  their  visitors  with  profound  respect. 

*  H.  G.  Gainnesfl,  Approaching  end  of         >  See  Wieseler,  Chronologiecd  Synopsis 

ike  Agt^  5Uk  ed.,  p.  516 :  J.  B.  Lindsay,  of  the  4  Oospels,  p.  51.    I  cannot  see  Uie 

ChronO'Astrolahtt  Lond.,  Bohn,  pp.  750^  force  of  the  Rev.  S.  J.  Johnion*8  reasoning 

seq,  in  favour  of  the  eclipse  of  Jan.  9,  o  B.C. 

J  Plotaroh,  Fito  Nicia*.    Thucyd.,  lib.  {Eclipses,  pa$t  and  present,  p.  ai.) 
vli.  cap.  50.  "*  W.   Robertson,  Hist,  of  America 

^  Antiq.,  zvii.  4.  loth  ed.,  vol.  i.  book  ii.  p.  240. 
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CHAPTEK    IX. 


A  CATALOGUE   OF  ECLIPSES  ^ 

THE  edipses  visible  in  England  have  received  much  attention 
from  the  Rev.  S.  J.  Johnson,  and  papers  of  his  cited  below 
will  be  interesting  to  many  English  readers^. 

The  following  Catalogue  contains  all  the  eclipses  which  occur 
during  the  remainder  of  the  19***  century,  excepting  solar 
eclipses  hardly  visible  to  any  inhabited  portion  of  the  Earth,  and 
lunar  eclipses  in  which  less  than  yV  ^^  ^^  Moon's  diameter  is 
obscured.  The  time  is  approximately  that  of  Greenwich,  M. 
standing  for  morning,  and  A.  for  afternoon.  Under  the  head  of 
"Locality"  the  letter  C  points  to  the  path  followed  by  the 
central  line ;  in  cases  where  this  passes  very  near  the  North  or 
South  Pole,  it  is  not  traced,  but  those  places  only  are  named 
where  the  eclipse  will  be  visible  (V).  The  letters  N.E.  or  S.E. 
following  the  name  of  a  place,  indicate  the  direction  taken  by  the 
shadow  after  passing  the  parts  in  question. 


*  For  CaUdogues  of  Eclipses  extending 
over  long  periods  of  time  see  Oppolzer's 
Canon  der  FinttenixMt  in  Denktchriften 
der  KaiserlusJten  Akad.  der  Wisten- 
Bchtiften,  vol.  lii.  Vienna  1887 ;  and  VArt 
de  verifier  lea  dates j  Paris  1818,  vol.  i. 
p.  269. 

In  connection  with  the  calculation  of 
Solar   eclipse*    attention    may  here  be 


called  to  a  very  interesting  memoir  by  S. 
Newoomb,  On  the  recurrence  of  Solar 
JSclipse*,  with  Tablet  of  EcHptesfivm  B.C. 
700  to  A.D.  3300 ;  in  Astronomical  Papers 
for  the  use  of  the  American  Ephemeris 
awl  Nautical  Almanac^  vol.  i.  Washing- 
ton, U.S.,  1879. 

^  Mouth.  Not.,  vol.  xxziii.  p.  40a,  Ap. 
1873:  Tb.  vol.  xl.  p.  4.^6,  May  1880. 
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T«ur. 

© 

Month  and 
Day. 

Hour. 

Magni. 
tade. 

LooaUty. 

1889 

Jan.  I 

9   A. 

•  ■  • 

C  Behring'8  Straights ;  Nootk&;  Hud- 

son's Bay. 

( 

Jan.  17 

5iM, 

068 

United  States. 

— 

© 

June  a8 

9   M. 

•  «  • 

CS.  Africa;  Magagascar,  S.E. 

( 

Jaly  X  2 

9    A. 

0-46 

Armenia. 

— 

© 

Dec.  23 

I    A. 

•  •  • 

C  Carthagena ;  St.  Helena ;  Abyssinia. 

1890 

© 

June  17 

xo   M. 

•  •  • 

C  Cape  Verde  Islands;  Smyrna;  Pegu. 

— 

© 

Dec.  la 

3    M. 

•  •  ■ 

C  Mauritius;  New  Zealand;  Tahiti. 

1891 

( 

May  aa 

7   A. 

I-3I 

India. 

© 

Jane  6 

4iA. 

•  •  • 

C  N.W.America;  N.Pole;  Russia. 

— 

( 

Nov.  16 

o|M. 

1-44 

Ireland. 

189a 

© 

April  a6 

xo   A. 

•  •  • 

C  S.  Pacific. 

— 

( 

May  11 

iijA. 

094 

France. 

— 

© 

Oct.  20 

7    A. 

•  •  • 

V  N.  America. 

— 

( 

Nov.  4 

4iA. 

IK>4 

China. 

1893 

© 

April  16 

3   A. 

•  •  « 

C  Easter  Island;  Guiana;  N.E.  Africa. 

© 

Oct  9 

9   A. 

•  «  • 

Sandwich  Islands ;  Peru. 

X894 

( 

Mar.  a  I 

3}  A. 

0.35 

New  Guinea. 

— 

© 

April  6 

4iM. 

•  •  • 

C  Egypt ;  China  ;  Pacific. 

( 

Sept.  15 

4}M. 

0-3I 

Canada. 

© 

Sept.  39 

5iM. 

•  •  • 

C  Madagascar ;    New  South  Wales ; 
New  Zealand. 

1895 

( 

Mar.  11 

4   M. 

I-&6 

Barbados. 

— 

© 

Mar.  a6 

10   M. 

V  Atlantic  ;  Europe;  N.  Asia. 

— 

© 

Aug.     30 

ojA. 

•  ■  ■ 

V  N.  Asia. 

( 

Sept.  4 

6    M. 

>-54 

Mississippi. 

1896 

( 

Feb.  38 

8   A. 

083 

E.  Persia. 

— 

© 

Aug.  9 

4JM. 

... 

C  Prussia ;  E.  Siberia ;  Pacific. 

— 

( 

Aug.  33 

7    M. 

0-66 

New  Mexico. 

1897 

© 

Feb.  I 

8    A. 

C New  Caledonia;  Easter  K;  Guiana. 

— 

© 

July  39 

4   A. 

•  ■  • 

C  Gallipagos ;  Barbados ;  Guiana. 

1898 

( 

Jan.  7 

Midiit. 

0-I3 

London. 

— 

© 

Jan.  33 

8    M. 

... 

C  Feoan;  Socotra;  N.China. 

-  - 

( 

Julys 

9}  A. 

0-93 

Russia. 

— 

© 

July  18 

7    A. 

■  •  • 

V  S.  America. 

— 

( 

Dec.  37 

Midnt. 

i-.^3 

London. 

1899 

© 

Jan.  II 

II    A. 

•  •  > 

V  E.  Asia ;  N.  America. 

— 

© 

June  8 

7    M. 

... 

V  N.  Europe ;  N.  Asia. 
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Year. 

( 

Month  and 
Day. 

Hour. 

Magni- 
tude. 

Locality. 

1899 

June  33 

3^  A. 

1-50 

New  Guinea. 

.  < 

Dec.  17 

l}M. 

0-96 

Cape  Verde  Islands. 

1900 

© 

May  38 

3   A. 

•  •  • 

C  Mexico ;  Azores ;  Egjpi. 

0 

Nov.  33 

8   M. 

•  •  • 

C  Benin ;  Madagascar ;  New  South 

Wales. 

According  to  Hind*^  the  following  are  the  important  total 
eclipses  of  the  Sun  for  the  remainder  of  the  present  century, 
which  are  likely  to  be  available  for  increasing  our  knowledge  of 
solar  physics: — Dec.  22,  1889,  the  totality  of  which  lasts  for 
3™  34",  and  April  19,  1893,  lasting  4"  44". 


«  Month,  Not.,  vol.  xxxii.  p.  178  (Feb.  1872). 
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CHAPTEK   X. 


TRANSITS  OF  THE  INFERIOR  PLANETS. 

Catue  of  the  phenomena. — Lord  Orimthorpe'*  ttatement  of  the  cote. — Long  intervals 
between  each  recurrence. —  Useful  for  the  determination  of  the  8un*s  paraUlar, — 
List  of  transits  of  Mercury. — Of  Venus. — Transit  of  Mercury  of  Nov.  7, 163 1. — 
Predicted  b^  Kepler.— Observed  by  Gassendi. — His  remarks. — Transit  of  Nov.  3, 
i6sii,— Observed  by  Shaker  ley. —  Transit  of  May  3,  1661. — Transit  of  Nov.  7, 
1677.  — Others  observed  since  that  date. — Transit  of  Nov.  9, 1848. — Observations 
of  Dawes.— Of  Forster.— Transit  of  Nov.  11,  1S61,— Observations  of  Baxen- 

dell.— Transit  of  Nov.  5,  1868 Transit  of  May  6,  1878.— TraniiY  of  Nov.  7, 

1881. — Summary  by  Jenkins  of  the  main  features  of  a  Transit. — Observations 
by  Prince.— By  Lany ley, —Transit  of  Vtnus  of  Nor.  24,  i6^g.— Observed  by 
Horrox  and  Crabtree. —  Transit  of  June  5,  1761. — Tratufit  of  June  3,  17^» — 
Where  oibserved. — Singular  phenomenon  seen  on  both  occasions. — Explanatory 
hypothesis. — Other  phenomena. — Tramsit  of  Dtc.  8,  1^7 ^.—Transit  of  Dee,  6, 
i88i. 

WHEN  an  inferior  planet  is  in  inferior  conjunction,  and 
"  has  a  [geocentric]  latitude,  or  distance  from  the  ecliptic, 
less  than  the  Sun's  semi-diameter,  it  will  be  less  distant  from  the 
Suns  centre  than   such  semi-diameter,  and  will   therefore   be 
within  the  Sun's  disc.     In  this  case  the  planet  being  between 
the  Earth  and  the  Sun,  its  dark  hemisphere  being  turned  towards 
the  Earth,  it  will  appear  projected  upon  the  Sun's  disc  as  an 
intensely  black  round  spot.     The  apparent  motion  of  the  planet 
being  retrogi*ade,  it  will  appear  to  move  across  the  disc  of  the  Sun 
from  E.  to  W.  in  a  line  sensibly  parallel  to  the  ecliptic."     Such 
a  phenomenon  is  called  a  transit,  and  as  it  can  only  occur  in  the 
case  of  inferior  planets  it  is  limited  to  Vulcan  (if  there  be  such  a 
planet).  Mercury,  and  Venus.     Observations  of  these  planets— or 
rather,  in  practice,  of  Venus  only — are  available  for  determining 
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the  parallax  of  the  Sun,  from  which  may  be  found  the  distance  of 
the  Earth  from  that  luminary  \ 

The  rationale  of  the  process  is  thus  popularly  set  forth  by  Lord 
Grimthorpe : — "  K  two  men  stand  before  a  post  with  a  wall  behind 
it,  they  will  see  different  places  on  the  wall  eclipsed  or  hidden 
by  the  post;  and  if  the  post  is  as  far  from  the  two  eclipsed 
places  as  it  is  from  the  men,  the  two  eclipses  will  be  exactly  as 
far  apart  as  the  two  men  are ;  if  the  wall  is  twice  as  far  from  the 
post,  the  two  eclipses  will  be  twice  as  far  apart,  and  so  on. 

*'  Therefore  two  people  on  the  Earth,  as  far  apart  as  they  can 
conveniently  get  for  them  both  to  see  the  transit  of  Venus  from 
beginning  io  end,  will  see  at  the  same  time  the  two  transit  spots 
twice  and  a  half  as  far  apart  in  real  distance  on  the  Sun  as  the 
observers  are  distant  from  each  other.  Suppose  they  are  7200 
miles  apart  (measuring  through  the  Earth  the  shortest  way)  then 
the  two  transit  spots  will  be  i8,ocx>  miles  apart  on  the  Sun ;  and 
we  have  only  one  step  more  to  take  in  order  to  find  the  diameter 
of  the  Sun  in  miles ;  and  that  is,  to  get  an  accurate  map  made  of 
the  disc  of  the  Sun  with  the  exact  positions  of  the  two  spots  at 
the  same  time ;  for  then  we  can  measure  their  distance  on  the 
map  and  see  what  proportion  it  bears  to  the  diameter,  and  we 
know  that  18,000  miles  bears  that  same  proportion  to  the  real 
diameter  of  the  Sun,  and  the  business  is  done. 

"The  real  difficulty  is  to  get  this  Sun-map  made  accurate 
enough  to  measure  from,  or  to  get  the  exact  distance  of  the  spots 
at  the  same  moment,  remembering  that  the  two  observers  are 
nearly  half  way  round  the  Earth  fiom  each  other.  For  that 
purpose  the  following  contrivance  is  adopted.  Instead  of  ob- 
serving the  transit  at  one  moment  only,  each  man  observes  the 
whole  path  of  Venus  across  the  Sun ;  or  rather  in  reality  he 
observes  the  exact  time  it  takes ;  for  they  can  observe  the  firat 
and  last  contact  of  the  spot  far  more  accurately  than  they  can 

^  For  a  somewhat  faU  aocoant  of  the  Sc.,  vol.  xxii.  p.  375,  Nov.  1881 ;  also  an 

principles    which   underlie  the   various  Address  by  the  same,  Proceedings  of  Ike 

methoids  and  of  the  scientific  value  of  the  American  AMociation  for  the  Advance- 

various  results  hitherto  accomplished  see  ment  of  Science ,  vol.  xxxi.  Aug.  188 a. 
a  paper  by  W.  Harkness,  Amer.  Journ. 
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measure  distances  on  the  bright  face  of  the  Sun ;  and  it  is  not 
necessary  that  they  should  see  anything  but  the  beginning  and 
the  end  of  the  transit.  The  places  on  the  Earth  are  so  chosen 
that  the  paths  may  appear  not  only  parallel,  but  at  the  widest 
distance  possible  apart,  forming  two  chords  across  the  Sun, 
parallel  to  the  diameter  which  Venus  would  pass  along  if  she 
was  exactly  in  the  ecliptic  and  seen  from  the  centre  of  the  Earth. 
The  two  paths  may  be  on  different  sides  of  the  Sun*s  centre  if 
Venus  is  exactly  at  a  node,  but  they  are  more  likely  to  be  on 
the  same  side,  in  which  case  their  difference  of  length  is  greater, 
and  the  observations  more  hkely  to  give  an  accurate  result. 

"  For  the  accuracy  of  the  map  depends  on  this :  you  have  a 
circle  of  known  diameter  to  start  with,  because  the  time  Venus 
would  take  to  cross  the  middle  of  the  Sun  is  known  from  the 
proportion  which  his  diameter  bears  to  the  orbit  of  Venus,  and 
the  time  she  takes  to  perform  it.  So  if  that  time  were  known  to 
be  6  hours  we  might  draw  a  circle  of  6  inches  diameter  for  the 
Sun ;  and  if  one  observer  reported  his  transit  to  have  lasted  5 
hours  we  should  find  the  place  where  a  chord  5  inches  long  will 
exactly  fit ;  and  if  the  other  transit  lasted  5 j^  hours,  we  should 
put  in  another  chord  5|^  inches  long,  parallel  to  and  near  the 
former.  (The  real  lengths  could  not  be  exactly  these,  but  that 
does  not  signify.)  The  distance  between  two  chords  of  5  and  5i 
inches  in  a  circle  6  inches  wide  can  be  calculated  with  the  utmost 
accuracy,  and  also  the  proportion  of  that  distance  to  the  diameter, 
which  is  the  proportion  of  the  i8,cxx)  miles  to  the  real  diameter 
of  the  Sun,  the  thing  we  wanted. 

"  I  have  said  nothing  about  the  rotation  of  the  Earth  during 
the  time  the  transit  lasts ;  but  of  course  due  allowance  has  to  be 
made  for  that  by  methods  known  to  astronomers ^'* 

James  Gregory  (the  inventor  of  the  "  Gregorian "  Telescope) 
seems  to  have  been  the  first  to  point  out  this  application  of 
planetary  transit  observations  ^. 

^  Astron.   tcithoui   Mathematical  3rd       account  of  the  method  lee  Airy*8  Z>c/iirf« 
ed.,  p.  185.  on  Astronomy^  p.  145. 

^  Optica  Promota^  p.  130.    Fora  lucid 

Z  2 
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The  transits  of  the  inferior  planets  are  phenomena  of  very  rare 
occurrence,  especially  those  of  Venus,  which  occur  only  at  inter- 
vals of  8, 1054,  8, 121  J,  8, 105I,  &c.  years.  Transits  of  Mercury 
usually  happen  at  intervals  of  13,  7,  10,  3,  10,  3,  &c.  years. 
This,  however,  is  not  altogether  a  correct  expression  of  the 
intervals ;  for,  owing  to  the  considerable  inclination  of  Mercury's 
orbit,  it  requires  a  period  of  about  217  years  to  bring  the  transits 
round  in  a  completely  regular  cycle. 

The  following  are  the  dates  of  the  transits  of  Mercury  and 
Venus  firom  the  beginning  of  the  19th  century  onwards*: — 


Henmry. 

VenoB.                                  1 

d. 

h. 

. 

d.     h. 

i8oa 

November  ... 

8 

ao 

1874 

December    . . . 

8     16 

1815 

November  ... 

II 

H 

i88a 

December    . . . 

6      4 

i8aa 

November  ... 

4 

»4 

aoo4 

June    

7     " 

183a 

May    

5 

0 

301  a 

June    ...     ... 

5     13 

X835 

November  ... 

7 

7 

aii7 

December    . . . 

10     15 

1845 

May    

8 

8 

aias 

December    . . . 

8      3 

1848 

November  ... 

9 

I 

"47 

June    

II      0 

1861 

November  ... 

II 

^9 

"55 

June    

8     16 

1868 

November  ... 

4 

18 

3360 

1 

December    . . . 

la     13 

1878 

May    

6 

6 

a368 

December    . . . 

10      a 

i88x 

November  ... 

7 

a 

3490? 

June    

12      3 

1891 

May    

9 

>4 

3498 

June    

9    ao 

1894 

November  ... 

10 

6 

3603 

December    . . . 

15       13 

The  transits  of  Mercury,  owing  to  the  heliocentric  position  of 
the  nodes,  always  happen  in  May  or  November.  When  the 
transit  occurs  in  May,  the  planet  is  passing  through  the  descend- 
ing  node,  and  when  in  November,  through  the  ascending  node. 
Similar  remarks  apply  to  the  transits  of  Venus,  the  only 
difference  being  that  the  months  are  June  and  December. 


^  Lalande,  Aitron.,  vol.  ii.  pp.  457-61. 
Lalande's  original  Table  gives  for  Venus 
the  transits  up  to  a.d.  3984 — some  time 
hence!  For  transits  of  Mercury  1891- 
3108  see  AHron.  Papert  for  use  of 
American  Nautical  Almanack,  £d.  by 


S.  Newoomby  vol.  i.  part  vi.  Washington, 
1883.  This  memoir  contains  an  ex- 
tremely exhaustive  discussion  of  all  the 
mathematical  questions  which  arise  in 
connection  with  Transits  of  Mercury, 
based  on  past  records  and  on  theory. 
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The  shortest  transit  of  Mercury  yet  observed  was  that  of 
Nov.  12, 1782.  It  lasted  only  i^  14".  The  longest,  that  of  May  6, 
1878,  lasted  for  y^  47"*.    The  average  duration  is  about  4*. 

The  first  observed  transit  of  Mercury  occurred  on  November  7, 
1 63 1,  and  was  predicted  by  Kepler*,  whose  surmise  was  verified 
by  Gtassendi  at  Paris.    The  latter  remarks : — 

**  The  crafty  god  had  sought  to  deceive  astroDomers  by  passiog  over  the  Sun  a  little 
earlier  than  was  expected,  and  had  drawn  a  veil  of  dark  donds  over  the  Earth,  in 
order  to  make  his  escape  more  effectual.  But  Apollo,  acquainted  with  his  knavish 
tricks  from  his  infancy,  would  not  allow  him  to  pass  altogether  unnoticed.  To  be 
briet  I  have  been  more  fortunate  than  those  hunters  after  Mercury  who  have  sought 
the  cunning  god  in  the  Sun ;  I  found  him  out,  and  saw  him  where  no  one  else  had 
hitherto  seen  him '." 

The  second  observed  transit  of  this  planet  happened  on  Nov.  3, 
1 651.  It  is  chiefly  interesting  to  us  from  the  fact  that  it  was 
observed  by  a  young  Englishman,  Jeremiah  Shakerley;  who, 
having  found  by  calculation  that  the  phenomenon  would  not  be 
visible  in  England,  went  out  to  Surat  in  India  for  the  purpose  of 
witnessing  it^. 

The  third  observed  transit  took  place  on  May  3,  i66i.  It  was 
observed  in  part  by  Huygens,  Street,  and  Mercator  in  London, 
and  by  Hevelius  at  Dantzic.  The  last-named  astronomer  was 
astonished  to  find  that  the  angular  diameter  of  the  planet  was 
so  small  ** :  his  determination  of  it  agrees  well  with  modem 
results. 

The  fourth  observed  transit  occurred  on  Nov.  7,  1677,  *^^  ^ 
noticeable  from  the  fact  that  it  was  the  first  which  was  watched 
throughout  (by  Halley)  from  ingress  to  egress. 

The  transits  at  which  anything  of  particular  interest  was 
noticed  are  the  following : — 

Transit  of  Nov.  3,  1697.  Wurzelbau,  at  Erfurt,  perceived  a 
strange  greyish-white  spot  on  the  dark  body  of  the  planet. 

Transit  of  Nov.  11,1 736.  Plantade  remarked  that  the  disc  of 
the  planet  appeared  surrounded  by  a  luminous  ring. 

Transit  of  May  7,  1799.     Schroter  and  Harding  observed  the 

*  AdmomUio  ad  AtironomoHy  Ac.  >  Wing,^tfroiiomui£rttofifii0a.p.3ia« 

'  Optra  Omnkif  vol.  ii.  p.  537.  ^  Mercuriui  in  Sole  vmUf  p.  83. 
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laminous  halo  seen  by  Plantade  in  1736,  and  they  likewise  saw 
two  greyish  spots  on  the  planet  when  on  the  Sun.  They  ascribed 
to  them  a  motion  corresponding  to  the  rotation  they  subsequently 
inferred  from  other  observations.  The  halo  or  ring  was  of  a 
darkish  tinge,  approaching  to  violet. 

Transit  of  Nov.  9,  1802.  Fritsch  and  others  saw  a  greyish 
spot. 

Transit  of  May  5, 1832.  Moll,  of  Utrecht,  saw  a  ring  encircling 
the  planet  when  on  the  Sun,  and  also  a  spot  on  the  planet  s  disc. 
The  ring  had  something  of  a  violet  tinge.  Two  spots  were  seen 
by  Harding,  and  Gruithuisen  thought  he  saw  one. 

Concerning  the  transit  of  Nov.  8,  1848,  Dawes,  who  observed 
it  at  Cranbrook  in  Kent,  says  : — 

**  Nothing  remarkftble  was  noticed  tUl  Mercary  had  adyanoed  on  the  Sun's  due  to 
about  three-qoarten  of  its  own  diameter,  when  the  cusps  appeared  much  rounded  off, 
giving  a  pear-shaped  appearance  to  the  planet.  The  decree  of  this  deformity,  how- 
ever, varied  with  the  steadiness  and  definition  of  the  Sun*s  edge,  being  least  when 
the  definition  was  beH.  A  few  seconds  before  the  complete  entrance  of  the  planet, 
the  Sun*s  edge  became  much  more  steady,  and  the  cusps  sharper,  though  still 
occasionally  a  little  broken  towards  their  points  by  the  undulations.  At  the  instant 
of  their  junction,  the  definition  was  pretty  good,  and  they  formed  the  finest  con- 
ceivable line,  Mercury  appearing  at  the  same  time  perfectly  round, . . .  No  difference 
is  recognised  in  the  Nautical  Almanac  between  the  polar  and  equatorial  diameters  of 
this  planet;  yet  my  observations,  both  with  the  5-foot  achromatic  and  the  Gregorian, 
shew  a  perceptible  difference,  and  nearly  to  the  same  amount.  .  .  .  The  compression 
would  api)ear  to  be  about  ^  <.** 

Forster  observed  the  transit  at  Bruges.  He  remarked  the 
extreme  blackness  of  the  planet  compared  with  the  spots :  the 
ratio  of  the  intensities  he  estimated  at  8  :  5.  He  also  stated  that 
the  planet  had  rather  the  appearance  of  a  globe  than  of  a  disc^ 
and  the  difference  of  blackness  between  the  planet  and  the 
spots  was  less  remarkable  when  he  used  a  reflector  with  a  red 
shade  ^. 

A  transit  happened  on  Nov.  11,  1861.  In  England  few 
observations  were  made,  owing  to  unfavourable  weather.  Mr. 
Baxendell,  of  Manchester,  remarked  the  excessive  blackness  of 
the  planet  as  compared  vdth  the  nuclei  of  certain  solar  spots,  and 

•  Month.  Not.,  vol.  ix.  p.  21.  Dec.  1848. 

*  Month.  Not.,  vol.  ix.  p.  4.  Nov.  1848. 


Chap.  X.]       TraTisits  of  the  In/enor  Platietx.  343 

that  the  planet's  contour  became  pear-shaped  immediately  before 
the  egress'. 

The  transit  of  Mercury  which  happened  on  Nov.  5,  1868,  was 
visible  in  England.  Important  observations  were  made  by 
Ho^ins  ".  An  aureola  of  hght  around  the  planet  and  a  luminous 
point  of  light  on  the  body  of  the  planet  "  nearly  in  the  centre  " 
were  seen,  and  thus  previous  observations  were  fully  confirmed. 
The  breadth  of  the  luminous  annulus  was  about  J  of  the  planet's 
apparent  diameter.    There  was  no  fading  ofi"  at  the  margin,  the 


Pig.  1 59' 


brightness  being  everywhere  about  the  same,  and  only  slightly 
in  excess  of  that  of  the  general  surface  of  the  Sun.  Both  the 
aureola  and  the  luminous  spot  were  visible  throughont  the  whole 
transit. 

Hu^ins's  account  of  what  he  saw  towards  the  end  of  the 
phenomenon  is  as  follows  : — 

"The  following  ap)>eimDcc  wu  noliced  almost  immsdiately  >n«r  the  jdknet'i  dUe 
esiTM  Dp  to  the  Sun'i  limb.  Hie  spot  tppeared  diitorled,  sprradiDg  out  to  Bll  op 
parti;  the  bright  cusps  of  the  Sun's  larface  between  the  planet's  diss  and  the  Kan'i 

'  Itonlk.  Not.,  vol,  xiii.  p.  43,  Dec.  "  MeHlh.  Xot.,  viil,  xilx.  p.  15.  Not. 


344         '  Eclipses  and  Associated  Phenomena.    [Book  II. 

limb.  This  appearance  increased  as  the  planet  went  off  the  Sun,  until  when  the  disc 
of  the  planet  had  passed  bj  about  one-third  of  its  diameter,  it  presented  the  form 
represented  in  the  diagram,  in  which  the  margin  of  the  disc  from  points  at  the  end  of 
a  diameter  parallel  to  the  San*s  limb,  instead  of  continuing  its  proper  curve,  appeared 
to  go  in  straight  lines  up  to  the  limb,  thus  entirely  obliterating  the  cusps  of  light, 
which  would  otherwise  have  been  seen  between  the  planet  and  the  limb.  In  the 
diagram  the  aureola  and  the  bright  spot  are  not  repeated  in  the  figure  of  the  planet 
on  the  Sun's  limb." 

The  transit  of  May  6,  1878  was  observed  under  such  dis- 
couraging circumstances  of  weather  that  a  very  brief  allusion  to 
the  results  "  will  suffice.  Several  observers  saw  a  minute  bright 
spot  or  patch  on  the  planet,  and  several  observers  saw  no  such 
spot  or  patch.  Some  saw  what  they  described  as  a  "  ring "  ; 
some  saw  what  they  described  as  a  "  halo  " — encompassing  the 
disc  of  the  planet ;  others  detected  no  such  phenomenon.  Some 
who  noticed  6ne  or  both  of  these  things  confess  to  a  suspicion 
that  spot  and  ring  were  merely  optical  effects,  or  effects  of 
contrast. 

The  transit  of  Nov.  7,  1881  was  well  seen  at  several 
stations  in  Asia  and  Australia^.  Tebbutt  at  Windsor,  New 
South  Wales,  saw  at  intervals  a  faint  whitish  spot  which  at  one 
instant  lengthened  out  into  a  streak  across  the  disc.  He  con- 
sidered the  phenomenon  an  optical  one  not  in  any  way  connected 
with  the  planet  itself.  He  looked  for  but  failed  to  see  any  halo 
or  ring.  On  the  other  hand  Dr.  Little  at  Shanghai  states  that 
the  planet  was  "always  surrounded  by  a  darkish  halo,  which 
seemed  well  defined,  extending  to  a  distance  about  equal  to  the 
planet's  semi-diameter.  With  no  power  could  any  spots  on  the 
planet  be  detected." 

Jenkins,  collecting  and  comparing  all  the  results  recorded  up 
to  1868,  considered  himself  justified  in  advancing  the  following 
propositions : — 

1  st.  That  in  the  May  transits,  when  Mercury  is  near  its  aphelion, 
the  luminous  spot  is  in  advance  of  the  planet,  preceding  the 
centre ;  in  the  November  transits,  when  Mercury  is  near  its 
perihelion,  the  luminous  spot  follows  the  planet. 

n  Month.   Xot.,  vol.   xxxviii.  p.    397.  ^  Mouth.  Nof.,   vol.   xlii.  p.  loi,   &c. 

May  1878.  Jan.  1882. 
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2nd.  The  luminous  spot  has  never  been  seen  at  the  centre,  bi)t 
always  south  of  it,  and  therefore  cannot  be  due  to  diffraction. 

3rd.  Sometimes  in  the  same  transit  two  spots  have  been  seen 
close  together,  where  shortly  before  only  one  was  observed. 

4th.  In  the  May  transits  the  rings  round  the  planet  are  dark 
or  nebulous  and  of  a  violet  tinge ;  in  the  November  transits 
they  are  bright. 

5th.  If  we  take  the  two  transits  which  have  received  the  most 
careful  observation,  May  1832,  observed  by  Moll,  and  November 
1868,  observed  by  Huggins,  we  find  the  contrast  very  great 
and  very  typical :  in  the  one  case  a  diffused  spot  preceding  the 
centre,  with  dark  ring  surrounding  the  planet ;  in  the  other  a 
sharply  defined  spot  following  the  centre,  with  bright  ring 
surrounding  the  planets 

The  annulus  round  Mercury  and  the  white  spot  on  Mercury 
during  transits  across  the  Sun  may  now  be  regarded  as  r^nlar 
concomitants  of  the  phenomenon,  but  there  is  no  agreement 
amongst  astronomers  as  to  the  cause  of  these  appearances.  The 
white  spot  has  been  regarded  by  some  as  indicative  of  Volcanic 
action,  but  this  seems  mere  fancy.  Prof.  Powell,  with  more 
show  of  reason^  suggested  that  diffraction  of  light  had  something 
to  do  with  the  matter,  but  it  is  an  objection  to  this  theory  that 
it  presupposes  the  invariable  centrality  of  the  white  spot ;  now 
the  white  spot,  though  often,  is  not  always  coincident  in  position 
with  the  centre  of  the  planet's  disc,  and  therefore  Huggins  rejects 
the  hypothesis.  It  might  conceivably  have  its  origin  in  the 
internal  reflection  of  light  in  a  Huygenian  Eye-piece. 

We  now  come  to  the  transits  of  Venus**,  which  are  more 
important  and  more  rare.  In  the  year  1627  Kepler  completed 
the  Rudolpkine  Tables^  and  being  thus  in  a  position  to  calculate 
the  motions  of  the  planets  with  far  more  certainty  than  had  ever 
been  attained  before,  he  betook  himself  diligently  to  the  work. 

P  Month,  Hot,  vol.   xxxviii.  p.  337.  yotes    and    Suggestion*    to   Observers, 

Ap.  1878.  These  should  be  consulted  by  persons 

«  Previous  to  the  transit  of  1878  Lord  proposing   to    conduct   observations    of 

Lindsay  put  forth  in  conjunction  with  future  transits,  bnt  this  will  be  a  matter 

Dr.  K.  Copeland  an  exhaustive  paper  of  for  many  generations  hence. 
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The  first  result  was,  that  he  ascertained  that  during  1631  both 
Mercury  and  Venus  would  traverse  the  Sun*s  disc,  the  former  on 
Nov.  7  and  the  latter  on  Dec.  6 ;  which  information  he  published 
in  a  little  tract  in  1629  ^  Of  the  transit  of  Mercury  I  have 
already  spoken.  With  reference  to  that  of  Venus,  Qassendi 
made  preparations  for  observing  it ;  and  though  Kepler's  cal- 
culations were  to  the  effect  that  the  ingress  would  not  take 
place  till  near  sunset,  the  French  astronomer,  anticipating  the 
possibility  of  the  calculated  times  being  too  late,  (as  had  been 
the  case  with  Mercury  a  few  weeks  previously,)  prepared  to 
commence  his  watch  on  Dec.  4,  though  bad  weather  prevented 
him  seeing  the  Sun  till  the  6th.  He  sought  unsuccessfully  for 
the  planet  both  on  that  and  on  the  following  day,  and  it  is 
now  well  known  that  the  transit  took  place  on  the  night  of 
Dec  6 — 7. 

The  next  transit  of  Venus  (the  first  actually  observed)  took 
place  on  Nov.  24,  1639  (0.  s.)  Kepler  did  not  anticipate  it,  for 
he  said  that  none  would  take  place  between  1631  and  1761,  and 
so  the  honour  both  of  predicting  and  of  observing  it  rests  with  a 
young  English  amateur,  the  Rev.  Jeremiah  Horrox,  curate  of 
Hoole,  a  village  in  Lancashire,  20  miles  N.  of  Liverpool.  Horrox 
had  been  engaged  in  computing  the  places  of  the  planets  by  the 
aid  of  Lansberg*s  Tables.  Finding  that  these  gave  very 
erroneous  results  he  discarded  them  for  Kepler  s,  from  which  he 
found  that  on  the  above  named  Nov.  24,  Venus,  in  passing  its 
inferior  conjunction,  would  cross  the  heavens  a  little  below  the 
Sun.  As  Lansberg's  Tables  indicated  that  the  planet  would 
cross  the  upper  part  of  the  solar  disc,  he  hoped  that  a  mean  of 
the  two  results,  so  to  speak,  might  be  looked  for,  and  that  he 
should  see  the  planet  actually  an  the  Sun,  towards  the  lower 
extremity  of  its  disc :  further  calculation  assured  him  that  his 
anticipation  would  turn  out  to  be  correct.  Owing  to  the  short- 
ness of  the  interval  that  would  elapse  previous  to  the  actual 
occurrence  of  the  transit  he  was  unable  to  give  much  publicity 

*■  Admonitio  ad  Agtrottomof  rerumque      nmui  1631  Ph€enonien%iy  Veneris  puta  ef 
ctlettium  ttttdiososy  de   miris   rariaque      Merenrii  in  Solem  incursu.  Lipsis,  1639. 
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to  the  result  at  which  he  had  arrived ;  indeed  all  that  he  seems 
to  have  done  was  to  inform  his  brother  Jonas  of  Liverpool 
and  his  friend  William  Crabtree,  an  enthusiastic  amateur  like 
himself,  who  resided  at  Broughton,  near  Manchester,  not  many 
miles  distant  from  Hoole. 

Horrox  prepared  to  watch  for  the  planet  by  transmitting  the 
image  of  the  Sun  through  a  telescope  on  to  a  screen  in  a 
darkened  room.  His  final  calculations  gave  3^  p.m.  on  Nov.  24 
as  the  time  of  conjunction  of  the  centres  of  the  Sun  and  planet ; 
but  fearing  to  be  too  late,  he  commenced  his  scrutiny  of  the  Sun 
on  Nov.  23.  On  the  following  day  he  began  his  observations  at 
Sunrise,  and  continued  them  till  the  hour  of  Church  service. 
(It  was  Sunday.)  As  soon  as  he  was  again  at  leisure — ^that  is  to 
say  at  3*  15"  p.m. — ^he  resumed  his  labours,  and,  to  quote  his 
own  words,  **At  this  time  an  opening  in  the  clouds,  which 
rendered  the  Sun  distinctly  visible,  seemed  as  if  Divine  Pro- 
vidence encouraged  my  aspirations;  wh^i,  O  most  gratifying 
spectacle !  the  object  of  so  many  earnest  wishes,  I  perceived  a 
new  spot  of  unusual  magnitude,  and  of  a  perfectly  round  form, 
that  had  just  wholly  entei*ed  upon  the  lefb  limb  of  the  Sun,  so 
that  the  margin  of  the  Sun  and  spot  coincided  with  each  other, 
forming  the  angle  of  contact."  Owing  to  the  near  approach  of 
Sunset,  Horrox  was  unable  to  observe  the  planet  longer  than 
half  an  hour ;  but  at  any  rate  he  had  seen  it,  and  had  been  able 
to  take  some  measurements  *. 

Crabtree  had  also  made  arrangements  for  observing  the  phe- 
nomenon. The  Sun  was,  however,  obscured  during  the  whole  of 
the  day,  and  he  had  given  up  in  despair  all  hope  of  seeing  the 
transit,  when,  just  before  Sunset,  the  clouds  broke  up,  and, 
hastening  to  his  observing  chamber,  he  saw,  to  his  infinite 
delight,  Venus  depicted  on  the  Sun's  disc  transmitted  on  to  a 
screen.  He  was,  according  to  his  own  account,  so  entranced  by 
the  spectacle  that  ere  ho  recovered  his  self-possession  the  clouds 
had  again  enshrouded  the  Sun,  and  he  saw  the  planet  no  more. 

*  Whatton,  Memoir  of  Horrox y  pp.  109 — 135.    See  also  an  article  in  the  OltMer- 
vniory,  vol.  vi.  p.  318,  Nov.  1883. 
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He  flnbfteqneiitly  found  tiiat  »  ron^  diagrun,  which  he  drew 
from  memory,  agreed  veil  with  one  drawn  by  Horrox. 

Mo  other  tauiait  ooenrred  till  June  5,  1761  :  tluswas  observed 
in  many  parts  of  the  world  for  the  purpoee  of  ascertAUiing,  in 
aocordaoce  with  the  spedal  enggestion  of  Ealley,  the  solar 
parallax.  Bnt  the  results  of  the  different  obeervatioDS  were  not 
satisCactory, 

Extensive  preparations  were  made  for  obeerving  the  transit  of 
Jnne  3,  1769,  and  King  George  IIL  despatched,  at  his  own  ex- 
pense, a  well-eqnipped  expedition  to  Tahiti  under  the  command 
of  the  celebrated  navigator 
Cook,  then  a  Lieut,  K.  N. 
Many  of  the  Continental 
Powers  followed  the  example 
of  England,  and  astronomers 
were  sent  out  to  the  most 
advantageous  points  for  ob- 
servation. The  chief  of  these 
were  St  Petersbuig,  Fekin, 
Orenburg,  Iakut«k,  Manilla, 
Batavia,  for  the  ^^resB;  and 
Cape  Wardhus,  Kola  and 
K^enebnrg  in  Lapland,  Point  Venus  in  Tahiti,  and  Fort  Prince 
of  Wales  and  St.  Joseph  in  California,  for  the  entire  phenomenon. 
The  observations  were  long  looked  upon  as  trustworthy,  but 
astroDomers  eventually  came  to  the  conclusion  that  an  im- 
portant correction  in  the  final  result  must  be  accepted '.  Accord- 
ingly, the  transits  of  Dec.  9,  1874  and  Dec.  6,  i88a  were 
awaited  with  special  eagerness. 

Some  phenomena  were  seen  in  connexion  with  the  transits  of 
1 761  and  1 769  which  require  a  passing  mention.  It  was  noticed 
on  both  occasions,  and  by  namerous  observers,  that  the  interior 
contact  of  the  planet  with  the  Sun  did  not  take  place  regularly 
at  the  ingress,  but  that  the  planet  appeared  for  a  short  time  after 


*  S«e  p.  9  anit. 
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it  had  entered  upon  the  disc  of  the  Sun  to  be  attached  to  the 
Son's  limb  by  a  dark  ligament.  A  similar  phenomenon  was 
noticed  at  the  egress.  It  was  also  found  that  even  after  the 
planet  had  got  wholly  clear  of  the  Sun's  limb  it  did  not  acquire 
circolarityfor  several  seconds",  [jalande  suggested'  that  irradi- 
ation was  the  cause  of  these  phenomena,  and  this  is  doubtless  the 
tnie  explanation. 

It  was  remarked  by  several  observers  of  the  transits  of  1 76 1 
and  1 769,  that,  both  at  the  ingress  and  egress,  the  portion  of  the 
limb  of  the  planet  wfaidi  was  not  then  projected  on  the  Sun  was 
rendered  perceptible  by  reason  of  a  faint 
ring  of  light  which  surrounded  it.  More 
than  one  observer  noticed  a  ring  round 
Venns  when  it  was  entirely  KtiAin  the 
disc  of  the  Sun,  similar,  it  would  seem, 
to  that  which  has  been  seen  to  surround 
Mercury  when  in  the  same  situation. 
Dunn  stated  that  this  annulus  had  a 
breadth  of  5"  or  6",  that  it  was  some- 
what dusky  towards  the  limb  of  the 
planet,  and  that  it«  outer  margin  was 
slightly  tinged  with  blue.  Hitcbins  described  it  as  excessively 
white  and  faint,  and  brightest  towards  the  body  of  the  planet. 
Naime  spoke  of  it  as  brighter  and  whiter  than  the  body  of  the 
Son.  A  comparison  of  the  different  accounts  seems  to  shew  that 
the  above-described  rings  are  uoi  identical,  but  no  sufiBcient 
explanation  has  been  offered  to  account  for  either,  though  the 
latter  has  been  supposed  to  indicate  the  existence  of  an  atmo- 
sphere around  the  planet^. 

One  observer  of  the  transit  of  1769  is  stated  to  have  seen  a 
light  on  the  disc  possibly  similar  to  that  occasionally  noticed  on 
Mercury  during  its  transits '. 

•  8w  PM.  Trout.,  1761,  1768,  1760, 
1770:  bIm  Him.  Acad,  drt  Seirtura  tor 
the  Mm*  yemn. 

■  Ittm.  Aead.  ilet  Setnert,   1:70,  p. 
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A  ring  of  light  waa  seen  by  many  observers  round  Venus 
during  the  transit  of  Dec.  8,  1874,  which  the  engraving  above, 
dated  1769,  would  seemingly  represent  equally  well'. 

Figs.  163  to  168  are  6  views  of  Venus  at  the  transit  of  1874, 
drawn  by  E.  J.  Stone,  who  used  the  7-inch  refi-actor  of  the  Cape 
Observatory :  their  large  scale  renders  them  of  great  interest,  but 
it  does  not  seem  necessary  to  transcribe  his  notes  on  each,  which 
are  however  very  brief''. 

It  will  be  remembered  that  transits  of  Venus  are  of  importance 
in  two  senses;  firstly,  as  affording  a  means  of  ORcertaining  the 
Earth's  distance  from  the  Sun ;  and  secondly,  for  what  they  dis- 
close respecting  the  physical  circumstances  of  the  planet.      In 
this  place  we  are  dealing  only 
^'8-  "^^  with   the   second   subject,   the 

first  having   been  bandied  in 
Book  I.  Chapter  I.  {ante). 

In  anticipation  of  the  transit 
of  1882  very  extensive  prepar- 
ations were  made  by  all  the 
leading  European  Govern- 
ments, and  the  American 
Ciovemment ".  And  many 
amateurs  joined  in  the  work. 
In  England  a  part  only  of  the 
ti'ansit  was  v'isihle.  and  bad 
weather  generally  prevailed 
which  interfered  with  such 
part  as  otherwise  might  have 
been  seen.  Shortly  before  the 
planet  entered  on  the  Sun's 
disc  that  portion  of  its  limb  which  was  outside  the  Sun  appeared, 
according  to  Prince,  •■  to  he  illuminated  by  a  brilliant  silver  line 


"  Motiih.  Ifot.,  vol.  xiiv.p.  133  tJ»n. 
I**?!) :  p.  310  (Mwoh  1S7J).  Fur  x  full 
BCcouDt  of  the  obiervfttJiin*  of  1S74  Me 
Mom.  B.A.S..  vol.  ilvil.  p.  31,  1B83. 

^  Mm    R,A.S  .vnJ.xlvii.p.  101.1883. 


'  The  Amtriian  Governinent  iBSUod  ■ 
iry  importuit  Mnd  exlimUitiTe  leriea  of 
uifruclioiii.     (410.   Wftahinjfton,    U.S. 
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of  light,  which  most  dietiactly  marked  the  limb  of  that  portion 
of  the  planet,  and  which  was  doubtleea  produced  by  tha  refirac- 
tioD  of  Bonlight  passing  through  the  planet's  atmosphere.    The 
effect  was  veiy  beaotifnl^." 
This  illuminated  streak,  bat  far  less  sharply  defined  than 

Kgi.  169—171. 


m 


Loc.  Sid.  Udm. 


Prince  saw  it,  was  also  observed  in  America  by  Prof.  S.  P. 
Longley,  who  says : — 

"It  wM  tberefon  watched  hj  mt,  with  occMioiul  iDtoniptioiu,  fnr  kbont  j". 
Owing  to  th«  boiling  of  the  limb,  it  *ru  not  ouy  to  dotcnnine  how  mocli  of  this 
light  lay  witbout,  how  much  within,  the  plauet'i  oontonr.  When  flnt  Men,  It 
■DggMted  for  >  moment  the  kppeaiaace  of  Bailj'a  Beadi,  but  the  writer'i  tctj  itrong 
flnkl  Inprewion  ww  thkt  it  at  any  rate  eitended  to  ume  degree  within  the  planet, 
and  waa  brighteat  on  the  autiide,  with  a  alight  gradation  towanl  the  plauet'i  centre. 
Ita  greateat  width  waa  eetimatcd  at  one-fourth  of  the  planet'i  ndius.  Etbtj  pn- 
cuDtloD  woi  taken  againat  initrumenlal  error.  Hie  ipot  waa  laoeeiaiTely  exunined 
In  diflerent  parte  of  the  field,  the  eje-piece  waa  rotated,  and  the  amount  of  light 

■J  Mtmtii.  Ifot.,  rol.  iliii,  p.  64.     Deo.  tSSi. 
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from  the  veflecton  wm  varied.  It  was  beyond  any  question  a  real,  if  a  most 
onezpeoted  and  unintelligible  phenomenon,  and  it  seems  to  me  that  it  points  to  a 
real  looal  cause  on  the  planet.  It  does  not  appear  to  be  at  all  assimilable  to  the 
oonceniric  spots  which  some  observers  have  believed  they  saw  both  on  Yenas  and  on 
Mercdry  in  transit,  nor  to  the  alleged  phosphorescence  on  the  dark  side  *.** 

This  phenomenon,  with  variations  of  detail,  was  seen  by 
Brodie^  (by  whom  it  was  assumed  to  be  a  twilight  effect 
resulting  from  an  atmosphere  on  Venus),  by  Homer*,  and 
probably  by  others. 

Figs.  169-171  were  drawn  by  M.  Hatt  at  Chubut,  and  represent 
the  phenomena  seen  at  ingress.  The  observer  seems  to  have 
been  much  struck  with  the  appearance  presented  by  the  fringe 
of  light  which  surrounded  the  planet  just  before  the  end  of  the 
internal  contact 

*  Month,  Not.y  vol.  zliii.  p.  7a.     Jan.  1885. 
'  Ibid.,  p.  76..  «  Ibid.,  p.  277. 


Chap.  XI.]  Occvltations.  355 


CHAPTER    XI. 


OCCULTATIONS. 


Htm  caused. — Tahle  annually  given  in  the  *' Nautical  Almanac" — Oecultation  hy  a 
young  Moon, — Effect  of  the  Horizontal  Parallax. — Projection  of  Start  on  the 
Moon^e  diee.—OecuUation  of  Jupiter,  January  2, 1857. — Oecultation  of  Saturn, 
May  8,  1859. — Oecultation  of  Saturn,  April  9,  1883. — Historical  notices. 


WHEN  any  celestial  object  is  concealed  by  the  interposition 
of  another,  it  is  said  to  be  "  occulted/'  and  the  pheno- 
menon is  called  an  "  oecultation."  Strictly  speaking,  an  eclipse 
of  the  Sun  is  an  oecultation  of  that  luminary  by  the  Moon,  but 
usage  has  given  to  it  the  special  name  of  **  eclipse."  The 
most  important  phenomena  of  this  kind  are  the  occultations  of 
the  planets  and  larger  stars  by  the  Moon,  but  the  oecultation  of 
one  planet  by  another,  on  account  of  the  rarity  of  such  an  oc- 
currence, is  exceedingly  interesting.  Inasmuch  as  the  Moon's 
apparent  diameter  is  about  i"",  it  follows  that  all  stars  and  planets 
situated  in  a  zone  extending  i°  on  each  side  of  her  path  will 
necessarily  be  occulted  during  her  monthly  course  through  the 
ecliptic,  and  parallax  will  have  the  effect  of  further  increasing 
considerably  the  breadth  of  the  zone  of  stars  subject  to  oeculta- 
tion. The  great  brilliancy  of  the  Moon  entirely  overpowers  the 
smaller  stars,  but  the  disappearances  of  the  more  conspicuous 
ones  can  be  observed  with  a  telescope,  and  a  table  of  them  is 
inserted  every  year  in  the  Nautical  Almanac. 

It  must  be  remembered  that  the  disappearance  always  takes 
place  at  the  limb  of  the  Moon  which  is  presented  in  the  direction 

A  a  2 
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of  its  motion.  From  the  epoch  of  its  New  to  that  of  its  Full 
phase  the  Moon  moves  with  the  dark  edge  foremost,  and  fix>m 
the  epoch  of  its  Full  to  that  of  its  New  phase  with  the  illumi- 
nated edge  foremost:  during  the  former  interval,  therefore,  the 
objects  occulted  disappear  at  the  dark  edge,  and  reappear  at  the 
illuminated  edge ;  and  during  the  latter  period  they  disappear  at 
the  illuminated,  and  reappear  at  the  dark  edge.  If  the  occul- 
tation  be  watched  when  the  star  disappears  on  the  dark  side 
of  the  Moon,  that  is  to  say  during  the  first  half  of  a  lunation,  and 
preferably  when  the  Moon  is  not  more  than  2  or  3  days  old,  the  dis- 
appearance is  extremely  striking,  inasmuch  as  the  object  occulted 
is  suddenly  extinguished  at  a  point  of  the  sky  where  there  seems 
nothing  to  interfere  with  it.  Wargentin  relates  that  on  May  18, 
1 76 1,  he  saw  an  occultation  of  a  star  by  the  Moon  during  a  total 
eclipse  of  the  latter.  He  says  that  the  star  disappeared  "more 
quickly  than  the  twinkling  of  an  eye  ^"  In  consequence  of  the 
effect  of  parallax,  the  Moon,  as  seen  in  the  Northern  hemisphere, 
follows  a  path  different  from  that  which  it  appears  to  take  as  seen 
in  the  Southern  hemisphere ;  it  happens,  therefore,  that  stars 
which  are  occulted  in  certain  latitudes  are  not  occulted  at  all  in 
others,  and  of  those  which  are  occulted  the  duration  of  invisi- 
bility, and  the  moment  and  place  of  disappearance  and  reappear- 
ance, are  different. 

I  must  not  omit  a  passing  allusion  to  a  circumstance  occa- 
sionally noticed  by  the  observers  of  occultations ;  namely,  the 
apparent  projection  of  the  star  within  the  margin  of  the  Moon's 
disc. 

Admiral  Smyth  gives  an  instance,  under  the  date  of  October  15, 
1829.  He  says: — 

"  I  Mw  Aldebaran  approftch  the  bright  limb  of  the  Moon  very  steadily ;  but,  firom 
the  haie,  no  alteration  in  the  redness  of  its  ooloor  was  perceptible.  It  kept  the  same 
steady  line  to  about  i  of  a  minute  inside  the  lunar  diee,  where  it  remained,  as  pre- 
cisely as  I  coald  estimate,  a^  seconds,  when  it  suddenly  vanished.  In  this  there 
could  be  no  mistake,  because  I  clearly  saw  the  bright  line  of  the  Moon  outside  the 
star,  as  did  also  Dr.  Lee,  who  was  with  me  ^/* 

•  PhU,  Trans.,  vol.  li.  p.  a  10.     1761.        the  projection,  though  F.Bailyand  others 
*>  Mem,  R.A.S.,  vol.  iv.  p.  64a.     1831.      did  not  see  it. 
Other  observers,  Maclear  included,  saw 
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Sir  T.  Maclear  saw  the  same  thing  happen  to  the  same  star  on 
October  23,  1831  : — 

**  PreviooB  to  the  contact  of  the  Moon  and  star  nothing  particalar  occurred ;  bat 
at  thikt  moment^  and  when  I  might  expect  the  star  to  immerge,  it  advanced  upon  the 
Moon'a  limb  for  abont  3  eeoondfl,  and  to  rather  more  than  the  star*!  apparent  diameter, 
and  then  instantly  disappeared  «.** 

"  This  phenomenon  seems  to  be  owing  to  the  greater  propor- 
tionate re&angibility  of  the  white  lunar  light,  than  that  of  the 
red  light  of  the  star,  elevating  her  apparent  disc  at  the  time  and 
point  of  contact^." 

In  1699  La  Hire  endeavoured  to  explain  the  apparition  of  stars 
on  the  Moon's  disc  by  supposing  that  the  true  disc  is  accompanied 
by  a  parasitic  light,  or,  as  it  was  formerly  termed,  a  circle  of 
dissipation,  which  enlarges  the  star's  apparent  diameter,  and 
through  which  it  shews  itself  before  passing  behind  the  opaque 
part  of  the  lunar  globe.  Arago  accepted  this  theory  with  the  ex- 
planation that  the  observer's  eye-piece  must  be  in  imperfect 
focus,  and  that  so  the  false  disc  is  caused.  The  fact  that  some 
have  and  some  have  not  seen  the  phenomenon  he  considered 
confirmatory  of  this  explanation  ®. 

The  present  state  of  the  question  is  that  we  do  not  possess  any 
certain  explanation  of  the  phenomenon. 

A  remarkable  occurrence  was  noticed  by  Mr.  Ralph  Copeland, 
on  the  occasion  of  the  occultation  of  k  Cancri  on  April  26, 
1863:- 

"  Aboat  three-fourths  of  the  light  disappeared  in  the  nsaal  instantaneous  manner ; 
and  after  an  interval  of  (as  near  as  I  can  judge)  rather  more  than  half  a  second,  the 
mnaining  portion  disappeared." 

Dawes  ^regarded  this  as  a  decisive  indication  that  the  star  was 
double,  though  he  failed  to  verify  this  surmise '.     On  Oct.  30, 


^  Mem,  B.A.S.,  vol.  v.  p.  373.     1833.  ^7  SteveUy  discussing   the  Difiactlon 

<*  Smyth.  hypothesis  in  Brii.  Attoo,  Hep.,  1845; 

*  Pop,  AH.,  vol.  ii.  p.  348,  £ng.  ed.  Transactions  of  the  Sections,  p.  5.     Also 

For  other  remarks  on  this  phenomenon,  one  by  Plummer  in  Month,  Not,,  vol. 

see  papers  by  Airy  in  Mem.  R.A.S.,  vol.  xxxiii.  p.  345  (March  1873). 

xzviii.  p.   173,  i860,  and  Month.  Not.,  '  Month.  Not.,  vol.  zxiii.  p.  aai  CMay 

vol.  zix.  p.  308  (April    1859).  ^-^^  ^^^  1863). 
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1 863.  I  watched  the  emersion  of  1^'  Orionis,  and  it  was  unql 
tionably  not  instantaneous. 

An  occiiltation  of  the  planet  Jupiter  took  place  on  Januai 
1857-     A  (lark  shadowy  streak  which  appeared  pi-ojected  on  the 
planet  from  the  edge  of  the  Moon,  was  seen  by  several  observers. 


F5g.  112. 


softenfd  off  m  tl 


A  representation  of  this  appearance,  from  a  drawing  by  Lassel), 
is  annexed  [Fig.  172]. 

An  occultatioQ  of  the  planet  Saturn  by  the  Moon  took  plaee 
on  May  8,  1859.     Dawes  thus  described  it:^ — 

"  At  the  diuppeftTsnce,  iLe  dark  edge  of  the  Moon  wu  ahuply  dcfiuod  on  the 
rings  nnd  bftll  of  the  pUnet,  without  the  ilighteit  diBtortion  of  their  figura.  Thei* 
wM  no  fxtensioti  of  light  along  tba  Miion'ti  limb.  Even  tbe  Mtellites  ditappeared 
without  the  slightest  warning,  and  precisely  at  the  edge  which  was  faintty  visible. 

"  At  the  reappearanoe  1  could  not  perceive  nny  dark  ihoding  ointiguoui  to  tbe 
Moon's  bright  edge,  such  as  wis  men  by  myself  and  bototsI  other  observers  on 
Jupiter  on  January  ],  tSsS  [Qj.  1857].  The  dark  belt  south  of  the  planet's  equator 
was  clearly  defined  up  to  the  very  edjje ;  and  there  was  uo  diatortion  of  auj  kind, 
either  of  the  rings  or  ball. 

"The  Tery  pale  greeniah  hue  of  Satnm  contrasted  strikingly  with  the  hrilliant 
yellowish  light  of  the  Moon  *.■■ 


'  Mnnlh.  Not., 


vii.  p.  81   (Jan.       iBjgi.    Other  observations  will  le  found 
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Hr.  W.  SimmB,  Jun.  did  see  a  dark  shading  on  the  planet 
costignooB  to  the  Moon's  bright  edge ;  but  in  1857  he  failed  to 
notice  it 

The  ocoaltation  of  Saturn  on  April  9,  1883,  was  observed 
by  Hr.  L.  W.  Loomis,  who  remarked  on  the  impression  being 
vividly  conveyed  that  the  Moon  was  very  much  nearer  to  the 
eye  ^lan  Saturn.  The  auccessive  disappearance  of  the  rings  was 
an  extremely  interesting  phenomenon. 


(£.  W.  Laemu.) 


In  an  occultation  of  Saturn  on  Oct.  30,  1825,  Messn.  R. 
Comfield  and  J.  Wallis  plainly  saw  both  one  ansa  and  the  ball 
^fiailenedK 

The  earliest  record  which  we  have  of  an  occultation  is  that  of 
an  occultation  of  Mars  by  the  Moon,  mentioned  by  Aristotle^. 
Kepler  found  that  it  occurred  on  the  night  of  April  4,  357  B.C. ' 

Instances  are  on  record  of  one  planet  occulting  another,  bat 
these  are  of  very  rare  occurrence.  Kepler  statea  that  he  watched 
an  occultation  of  Jupiter  by  Mars  on  January  9,  1591-     He  also 

■  Mfm.  R.A.S.,  vi>l.  ii.  p.  457.     iSiA.  '  Ve  Cmlo,  lib.  il.  c»p  ii. 

'  Ad  Vilrll.  Parahf:om,.  p.  307. 
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mentions  that  Moestlin  witnessed  an  occultation  of  Mars  by 
Venus  on  October  3,  1590.  Mercury  was  occulted  by  Venus  on 
May  17,  1737"*.  As  these  observations,  with  the  exception  of 
the  last,  were  made  before  the  invention  of  the  telescope,  it  is 
possible  that  the  one  planet  was  not  actually  in  front  of  the 
other,  but  only  that  they  were  so  close  together  as  to  have  had 
the  appearance  of  being  one  object :  aa  was  the  case  with  Venus 
and  Jupiter  on  July  '^i,  1859. 

Sometimes  stars  are  occulted  by  planets.  J.  D.  Cassini  men- 
tions the  occultation  of  a  star  in  Aquarius  by  Mars  on  October  i, 
1672°. 

<■  PkU*  TraiM.,  vol.  zl.  p.  394.     1738.      Twining  in  Amtr,  Journ.  ofSeieHce,  2nd 
■  See  a  paper  on  Oocnltationi  by  A.  C.      Ser.,  vol.  xxvi.  p.  15.    Jaly,  1858. 
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CHAPTER    I. 

THE  TIDES. 


"  O  ye  seas  and  floods,  bless  ye  the  Lord  :  praise  Him,  and  magnify 

Him  for  ever." — Benedicile. 


liUrodHciion. — Physical  came  of  the  Tides. — Attractive  force  exercised  hjf  the 
Moon. — Bif  the  Sun. — Spring  Tides. — Neap  Tides. — Summarjf  of  the  principal 
facts. — Priming  and  Lagging. — Diurnal  Inequality. 

MANY  inhabitants  of  a  maritime  country  like  Great  Britain 
have  some  acquaintance  with  the  phenomena  now  to  come 
under  consideration,  but  beyond  a  vague  notion  that  the  Moon 
has  something  to  do  with  the  tides,  very  few  people  have  an 
intelligent  idea  of  the  way  in  which  the  tides  ai-e  produced*. 

These  phenomena  are  very  frequently  attributed  to  the  attrac- 
tion of  the  Moon,  whereby  the  waters  of  the  ocean  are  drawn 
towards  that  side  of  the  Earth  on  which  our  satellite  happens 
to  be  situated  ;  in  fact,  that  it  is  high  water  when  the  Moon  is 
ou  or  near  the  meridian  of  the  place  of  observation. 

This,  though  to  a  great  extent  true,  by  no  means  adequately 

*  %s%  a  P*POT  by  the  late  Sir  J.  Lub-  by  Sir  G.  K  Airy,  in  Encyd.  Metrop., 

r,  in  the  Companion  to  the  Almanac  toI.  v.  p.  341.    lliere  are  maps  of  00-tidal 

^  1850,  p.  49.     And  reference  should  lines  around  the  British  Isles,  and  oyer 

also  be  made  to  an  important  and  ex-  the  World  generally,  which  will  be  fonnd 

haosiive  Memoir  on  ' '  Tides  and  Waves  **  of  interest. 
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represents  the  facts  of  the  case,  for  high  water  is  not  only  pro- 
duced on  the  side  of  the  Earth  immediately  under  the  Moon,  but 
also  on  the  opposite  side  at  the  same  time.  The  coincident  tides 
are  therefore  separated  from  each  other  by  iSo"",  or  by  half  the 
circumference  of  the  globe.  Since  the  diurnal  rotation  of  the 
Earth  causes  every  portion  of  its  surface  to  pass  successively 
under  the  tidal  waves  in  about  24^,  it  follows  that  there  are 
everywhere  1  tides  daily,  with  an  interval  of  about  12**  between 
each;  whereas,  if  the  common  supposition  were  correct,  there 
would  be  only  one. 

Such  being  the  observed  facts,  and  it  being  admitted  that  the 
attraction  of  the  Moon  gives  rise  to  the  upper  tide,  some  further 
explanation  must  be  sought  to  account  for  the  lower  one.  The 
solution  is  extremely  simple  as  an  elementary  conception :  it  is 
only  necessary  to  bear  in  mind  that  not  only  does  the  Moon 
attract  the  upper  mass  of  water,  but  also  the  solid  globe  itself, 
which  is  consequently  compeUed  to  recede  from  the  waters 
beneath,  leaving  them  bdiind,  and  in  a  sense  heaped  together. 

Besides  the  infkience  of  the  Moon  in  elevating  the  waters  of 
the  ocean,  that  of  the  Sun  is  to  some  extent  concerned,  but  it  is 
much  more  feeble  than  that  of  the  former,  on  account  of  the 
much  greater  distance  of  the  solar  globe.  The  mean  distance  of 
the  Sun  from  the  Earth  is  309*144  times  that  of  the  Moon ;  its 
attractive  power  is  consequently  (309-144)*,  or  95,570  times  less ; 
but  inasmuch  as  the  mass  of  the  Sun  exceeds  that  of  the  Moon 
in  the  ratio  of  25,916,280  to  i,  which  is  much  greater  than 
95,570  to  I,  it  will  naturally  be  said  that  surely  the  attraction 
exercised  by  the  Sun  exceeds  that  of  the  Moon  in  the  same 
proportion  that  25,916,280  exceeds  95,570**.  This,  however,  is 
not  the  case,  for  a  reason  which  will  now  be  stated.  It  must  be 
borne  in  mind  that  the  tides  are  due  solely  to  the  inequality  of 
the  attraction  in  operation  on  different  sides  of  the  Earth,  and 
that  the  greater  that  inequality  is  the  greater  will  be  the 
resulting  tide,  and  vice  verm.    The  mean  distance  of  the  Sun  from 

^  To  avoid  oomplicatiiig  the  obvioofly  crude  argument  in  the  text  certain  things 
are  left  out  of  consideration. 
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the  Earth  is  11,720  diameters  of  the  latter,  and  consequently 
the  difference  between  its  distance  from  the  one  side  of  the 
Earth  and  from  the  other  will  be  only  Trfsir  ^^  ^^^  whole  dis- 
tance, while  in  the  case  of  the  Moon,  whose  mean  distance  is 
only  30  terrestrial  diameters,  the  difference  between  the  distances 
from  one  side  and  fix)m  the  other,  reckoned  from  the  Moon,  will 
be  ^7  of  the  whole  distance.  The  inequality  of  the  attraction 
(upon  which  the  height  of  the  tidal  wave  depends)  is  therefore 
much  greater  in  the  case  of  the  Moon  than  of  the  Sun ;  the  ratio, 
according  to  Newton,  being  58  :  23,  or  about  2\:  i. 

We  thus  see  that  there  are  2  kinds  of  tides,  lunar  and  solar. 
When  therefore  the  Sun,  Moon,  and  Earth  are  in  the  same 
straight  line  with  each  other,  that  is  to  say,  when  it  is  either 
New  or  FuU  Moouy  the  attractions  of  the  two  former  bodies  act  in 
the  same  line,  and  we  have  the  highest  possible  tidal  elevations, 
and  what  are  known  as  ^^  Spring  tides ;"  but  when  the  Moon  is 
in  quadrature,  or  90°  from  the  Sun,  its  attraction  acts  along  a 
line  which  is  perpendicular  to  that  along  which  the  attraction 
of  the  Sun  acts,  the  two  tidal  elevations  are  90°  apart,  and  we 
have  the  tides  which  are  called  " Neap'' 

It  may  be  convenient  to  state  here  a  few  general  facts  relating 
to  the  tides : — 

1.  On  the  day  of  New  Moon,  the  Sun  and  Moon  cross  the 
meridian  at  the  same  time,  i,  e.  at  noon,  and  at  an  interval  after 
their  passage  (varying  according  to  the  place  of  observation,  but 
unchangeable  or  nearly  so  for  each  place)  high  water  occurs. 
The  water,  having  reached  its  maximum  height,  begins  to  fall, 
and  after  a  period  of  6^  1 2"^  attains  a  maximum  depression ;  it 
then  rises  for  6^  1 2"^,  and  reaches  a  second  maximum ;  falls  for 
another  interval  of  6**  1 2",  and  rises  again  during  a  4***  interval 
of  6^  12™.^  It  has  therefore  2  maxima  and  2  minima  in  a  period 
of  24**  48",  which  is  called  a  Tidal  Bay. 

2.  On  the  day  of  Full  Moon,  the  Moon  crosses  the  meridian 

^  PraoUoally  this  is  somewhat  inoor-  place  at  the  mean  moment  between  the 
reoUy  ezpreMed,  for  it  is  found  that  Uie  two  tides,  the  waters  usually  taking  a 
intermediate  low  water  does  not  take      shorter  time  to  rise  than  they  do  to  fall. 
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12^  after  the  Sun,  i.e.  at  midnight,  and  the  tidal  phenomena  are 
the  same  as  in  (i). 

3.  As  time  is  reckoned  by  the  apparent  motion  of  the  Sun,  the 
solar  tide  always  happens  at  the  same  hour  at  the  same  place, 
but  the  lunar  tide,  which  is  the  greater,  and  thereby  gives  a 
character  to  the  whole,  happens  48"  44"  later  every  day;  it 
therefore  separates  Eastwards  from  the  solar  tide,  at  that  rate, 
and  gradually  becomes  later  and  later,  till  at  the  periods  of  the 
I"*  and  3*^  quarters  of  the  Moon  it  happens  at  the  same  time  as 
the  low  water  of  the  solar  tide  :  then  the  elevation  of  the  high, 
and  the  depression  of  the  low  water,  will  be  the  difference  of  the 
solar  and  the  lunar  tides,  and  the  tide  will  be  neap. 

4.  The  difference  in  height  between  the  high  and  low  water  is 
called  the  Bange  of  the  tide. 

5.  The  spring  tides  are  highest,  especially  those  which  happen 
36**  after  the  New,  or  Full  Moon. 

6.  The  neap  tides  are  the  lowest,  especially  those  which 
happen  36^  after  the  Moon  is  in  quadrature. 

7.  The  interval  of  time  from  Noon  to  the  time  of  high  water 
at  any  particular  place  is  the  same  on  the  days  both  of  New  and 
Full  Moon.  This  interval  is  technically  known  as  the  ^^Establish- 
ment of  the  portr 

The  reason  why  an  interval  of  time  elapses  between  the  Moon's 
meridian  passage  and  the  time  of  high  water  is,  that  the  waters 
of  the  ocean  have  to  overcome  a  certain  peculiar  effect  of  friction, 
which  cannot  immediately  be  accomplished ;  it  thus  happens 
that  the  lunar  tidal  wave  is  not  found  immediately  under  the 
Moon,  but  follows  it  at  some  distance.  Similai*  results  ensue  in 
the  case  of  the  solar  wave.  The  tidal  wave  is  also  affected  in 
another  way,  by  the  continued  action  of  both  these  luminaries, 
and  at  certain  periods  of  the  lunar  month  is  either  accelerated 
or  retarded  in  a  way  which  will  now  be  desoriboii :  "  In  the  i"* 
and  3*^  quarters  of  the  Moon,  the  solar  tide  is  W^twawf  of  the 
lunar  one ;  and  consequently  th^  actual  high  wi^Ut*  (which  is  the 
result  of  the  combination  of  the  2  waves)  will  be  to  the  West- 
ward of  the  place  it  would  have  been  nt  if  the  Moon  had  acted 
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alone,  and  the  time  of  high  water  will  therefore  be  accelerated. 
In  the  %^  and  4^  quarters,  the  general  effect  of  the  Sun  is,  for 
a  similar  reason,  to  produce  a  retardation  in  the  time  of  high 
water.  This  effect,  produced  by  the  Sun  and  Moon  combined, 
is  called  the  Priming  and  Lagging  of  the  tides.  The  highest  spring 
tides  occur  when  the  Moon  passes  the  meridian  about  i  \^  after 
the  Sun ;  for  then  the  maximum  effect  of  the  2  bodies  coincides." 
The  '* priming"  and  "lagging"  effect  deranges  the  average 
retardation,  which  from  a  mean  value  of  48™  may  be  augmented 
to  60"  or  be  reduced  to  36". 

The  2  tides  following  one  another  are  also  subject  to  a 
variation,  called  the  Diumal  Inequalittf^  depending  on  the  daily 
change  in  declination  of  the  Sun  and  Moon ;  the  laws  which 
govern  it  are,  however,  very  imperfectly  known. 

Guillemin  writes : — '^  The  height  of  the  tides  again  varies  with 
the  declinations  of  the  Moon  and  Sun  ;  it  is  by  so  much  greater 
as  the  two  bodies  are  nearer  the  equator.  Twice  a  year,  towards 
March  21  and  Sept  22,  the  Sun  is  actually  in  the  equator.  If, 
at  the  same  time,  the  Moon  is  near  the  same  plane  the  tides 
which  occur  then  are  the  highest  of  all.  These  are  the  Equinoctial 
Spring  TideSy  because  the  Earth  is  then  at  the  vernal  or  autumnal 
equinox.  On  the  other  hand,  the  smallest  tides  take  place 
towards  the  solstices,  if  the  Moon  attains  its  smallest  or  its 
greatest  meridional  height  at  the  same  time  as  the  Sun.  Lastly, 
the  distances  of  the  Moon  and  Sun  from  the  Earth  have  also 
their  influence  on  the  height  of  the  tides  Other  things  being 
equal,  the  height  of  a  tide  is  greater  or  less,  according  as  the 
attracting  bodies  are  nearer  to  or  farther  from  the  Earth.  Thus 
the  tides  of  the  winter  solstice  are  higher  than  those  of  the 
summer  one^." 

**  The  Heavens.     Eng.  ed.,  p.  461. 
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CHAPTER    II. 


LOCAL  TIDAL  PHENOMENA. 


Local  duiwfbing  influences. — Ttible  of  Tidal  ranges. — Influence  of  the  Wind. — 
Experiment  of  Smeaton, — The  Tides  in  the  Severn  at  Chepstow. — Tidal  phe- 
nomena in  the  Paeiflc  Ocean.— Bemarks  by  Beeehey. — Velodiy  of  the  great 
Terrestrial  Tidal  wave. — Its  course  round  the  Earth,  sketched  by  Johnston. — 
Effects  of  Tides  at  Bristol. — Instinct  of  animals. — Tides  extinguished  in  rivers. 
— Instances  of  abnormal  Tidal  Phenomena. — The  "  Masearet**  on  the  Seine. — 
Historical  notices. 


WE  have  hitherto  been  considering  the  tidal  wave,  on  the 
supposition  of  the  Earth  being  a  perfect  sphere  covered 
with  water  to  a  uniform  depth ;  but  inasmuch  as  this  is  not  the 
case,  it  follows  that  the  actual  phenomena  of  the  tides  are 
widely  different  and  of  a  much  more  complicated  character, 
owing  to  the  irregular  outline  of  the  land^  the  uneven  surface 
of  the  ocean  bed,  the  action  of  winds,  currents,  friction,  &c. 
The  effects  of  these  disturbing  influences  are  rendered  especiaUy 
manifest  in  the  difference  of  the  range  of  the  tide  at  different 
places  on  the  £arth*s  surface.  If  the  surface  of  our  globe  were 
entirely  covered  with  water,  the  height  of  a  solar  tide  would  be 
i'*  ii^V*"*  Mid  of  a  lunar  tide  4'*  o*";  but  the  differences 
in  the  level  of  the  water  of  the  ocean  brought  about  by  tidal 
influences  are  often  far  in  excess  of  these  figures.  For  instance, 
in  deep  estuaries  or  creeks,  open  in  the  direction  of  the  tidal 
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wave,  and  gradually  converging  inward,  the  range  is  very  much 
greater  than  elsewhere,  as  at : — 


Bfty  of  Fundy  * 

GUUegofl  River  (Patagonia) 

Month  of  the  Avon 

St.  l^alo 

Bristol  Channel  (off  Chepstow  *) 


Feet. 
50 

4« 
40 

38 
36 


Milford  Haven      

On  the  other  hand,  where  promontories  or  headlands  jut  out  into 
the  sea,  the  tidal  range  is  frequently  small ;  thus : — 


Feet. 

4 

7 

9 
II 


Feet.  Inches. 

...      I          0 

...      I          2 

.      I          6 

...      I          8 

3         0 

Wicklow     ...  

Weymonth  

The  Needles         

Cape  Clear  

In  very  large  open  waters,  like  the  Atlantic  or  the  Pacific  Oceans, 
and  in  confined  seas,  like  the  Baltic,  the  Mediterranean,  &c.,  the 
elevation  of  the  tidal  wave  is  inconsiderable  ;  thus : — 

Toulon         

Antinm 

Porto  Rico  (8.  Juan)  

Sonth  Pacific  

St.  Helena 

The  usual  range  of  the  tides  at  any  particular  place  is  also 
affected  by  certain  conditions  of  the  atmosphere.  At  Brest,  a 
depression  of  i^"  in  the  barometric  column  causes  a  difference 
of  16*°  in  the  elevation  of  the  high-watermark;  at  Liverpool, 
corresponding  to  the  depression  of  i*",  the  difference  is  about 
io*°;  and  at  the  London  Docks  about  7*°:  thus  when  the 
barometer  is  low,  an  unusually  high  tide  may  be  expected,  and 
vice  versd.  And  the  influence  of  the  wind  also  is  frequently  very 
considerable,  so  much  so  that  during  a  violent  hurricane,  Jan.  8, 
1839,  there  was  no  tide  at  all  at  Gainsborough  on  the  river 
Trent,  a  circumstance  never  before  recorded.  Smeaton  found 
experimentally  in  a  canal  4  miles  long,  that  the  water-level  at 
one  end  was  4*"  higher  than  at  the  other,  owing  to  the  force 
of  the  wind  acting  on  the  surface  of  the  water. 


»  See  Nature,  vol.  ziz.  p.  432.     March  13,  1879. 
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Concerning  the  tides  at  Chepstow,  Mr.  A.  Miller,  the  lessee  of 
the  Fisheries  there,  wrote  to  me  thus,  under  date  of  June  7, 
1888:— 

'*The  rise  and  £b11  of  the  spring  tides  at  Chepstow,  New 
Passage  on  Severn,  and  Clevedon  piers,  is  45  to  46'^,  taken 
as  the  highest  spring  tide.  There  is  scarcely  6^  difference  at 
either  of  these  points.  I  have  had  careful  measurements  taken 
for  several  year&  Four  years  ago  [October  17,  1883],  the  tide 
rose  to  48'*.or  49'^  This  was  caused  by  a  gale  of  wind  and  a  very 
exceptional  high  flood  from  the  hills,  the  result  of  unusually  heavy 
rain.  The  houses  in  the  lower  part  of  the  town  were  flooded  2'^ 
deep,  and  the  river  overflowed  its  banks  in  the  Bristol  Channel. 
The  same  thing  occurred  in  1854.  These  measurements  were 
taken  from  low-water  mark  to  high- water  mark,  not  from  the  bed 
of  the  river  or  channel.  The  tidal  wave  or  bore  on  the  Severn 
begins  at  the  Lyde  rock  just  below  Beachley  and  immediately 
above  the  mouth  of  the  Wye.  I  have  known  it  go  up  the  Wye 
for  about  4  miles  in  the  shape  of  an  unbroken  wave  18^  high." 

The  tides  in  the  Pacific  Ocean  present  great  anomalies.  The 
following  remarks  respecting  them  are  by  a  missionary : — 

"  It  is,  to  the  miinonariet,  a  weU-known  fact  that  the  tides  in  Tahiti  and  the 
Society  Triandi  are  nnifonn  throughout  the  year,  both  as  to  the  time  of  the  ebb  and 
flow,  and  the  height  of  the  rise  and  fall,  it  being  high  water  invariably  at  noon  and 
at  midnight,  and  consequently  the  water  is  at  its  lowest  point  at  6  o'clock  in  the 
morning  and  evening.  The  rise  is  seldom  more  than  18  inches  or  2  feet  above  low- 
water  mark.  It  must  be  observed  that  mostly  once,  and  frequently  twice  in  the 
year,  a  very  heavy  sea  rolls  over  the  reef,  and  bursts  with  great  violence  upon  the 
shore.  But  the  most  remarkable  feature  in  the  periodically  high  sea  is,  that  it 
invariably  comes  from  the  W.  or  S.W.,  which  is  the  opposite  direction  to  that 
from  which  the  Trade  wind  blows.  The  eastern  sides  of  the  island  are,  I  believe, 
never  injured  by  these  periodical  inundations.  I  have  been  thus  particular  in  my 
observations,  for  the  purpose  in  the  first  place  of  calling  the  attention  of  scientific 
men  to  this  remarkable  phenomenon,  as  I  believe  it  is  restricted  to  the  Tahitian  and 
Society  Island  Groups  in  the  South  Pacific,  and  the  Sandwich  Islands  in  the  North. 
I  cannot,  however,  speak  positively  respecting  the  tides  at  the  islands  eastward  of 
Tahiti ;  but  all  the  islands  I  have  visited  in  the  same  parallel  of  longitude  south- 
wards, and  in  those  to  the  westward  in  the  same  parallel  of  latitude,  the  same 
regularity  is  not  observed,  bat  the  tides  vary  with  the  Moon,  both  as  to  the  time  and 
the  height  of  the  rise  and  fall,  which  is  the  case  at  Raratonga  ^'* 

**  J.  Williams,  Narrative  of  MittUmary  EnterprUes  in  the  South  Seof,  p.  301. 
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The  late  Admiral  Beechey  is,  so  far  as  I  know,  the  only 
person  who  ever  attempted  any  solution  of  the  question,  and 
he  proposed  as  a  simile,  a  basin  to  represent  the  harbour, 
over  the  margin  of  which  the  sea  breaks  with  considerable 
violence,  thereby  throwing  in  a  larger  body  of  water  than 
the  narrow  channels  can  carry  off  in  the  same  time,  and  con- 
sequently the  tide  rises,  and  as  the  wind  abates  the  water 
subsides. 

The  writer  above  quoted  objects  to  this  explanation,  and  he 
brings  forward  several  arguments,  and  states  several  facts,  of 
which  the  following  is  an  abstract : — 

1.  The  undeviating  regularity  of  the  tide  is  so  well  under- 
stood by  the  natives  that  they  distinguish  the  hours  of  the  day 
by  terms  descriptive  of  the  state  of  the  tide,  such  as  the 
following:  "Where  is  the  tide?"  instead  of,  as  we  should  say, 
"What  o'clock  is  it?" 

2.  There  are  many  days  during  the  year  when  it  is  perfectly 
calm,  and  yet  the  tide  rises  and  falls  in  the  same  way,  and  very 
frequently  there  are  higher  tides  in  calms  than  during  the  pre- 
valence of  the  Trade  wind. 

3.  The  tides  are  as  regular  on  the  West  side  of  the  island, 
where  the  Trade  wind  does  not  reach,  as  on  the  East,  from  which 
point  it  blows. 

4.  The  Trade  wind  is  most  powerful  from  noon  till  4  or  5 
o'clock  P.M.,  during  which  time  the  water  ebbs  so  fast  that  it 
reaches  its  lowest  level  by  6  o*clock  p.m.,  instead  of  in  the 
morning,  as  Admiral  Beechey  states,  at  which  time  it  is  again 
high  water. 

Admiral  Beechey's  explanation  does  not  seem  very  satisfactory, 
but  we  are  not  in  possession  of  any  other. 

The  velocity  of  the  tidal  wave  is  subject  to  much  variation, 
and  we  are  not  yet  in  a  position  to  lay  down  the  laws  which 
govern  it.  If  the  whole  globe  were  uniformly  covered,  the 
velocity  would  be  rather  more  than  1000  miles  per  hour  (7926  x 
3'i4i6^24'8).  It  is  probably,  however,  nowhere  equal  to  this, 
unless  perhaps  in  the  Antarctic  Ocean. 

Bb 
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The  following  table  of  velocities  is  given  by  Whewell  * : — 

In  Utitode  60'' S 670 

In  the  AtUntk 700 

Axoref  to  Cftpe  dear 500 

Cape  Clear  to  DancanBby  Hesd           160 

Buchan  Ness  to  Sanderland 60 

Scarborough  to  Cromer              ...  35 

North  Foreland  to  Lundon       30 

London  to  Richmond     13 

Concerning  the  general  character  of  the  great  terrestrial  tidal 
wave,  I  cannot  do  better  than  quote  the  following  description  by 
a  well-known  eminent  geographer : — 

"  The  Antarctic  is  the  cradle  of  tides.  It  is  here  that  the  Snn  and  Moon  haye 
presided  aver  their  birth,  and  it  is  here,  also,  that  they  are,  so  to  speak,  to  attend  on 
the  guidance  of  their  own  congenital  tendencies.  The  laminaries  continne  to  travel 
ronnd  the  Earth  (apparently)  from  East  to  West.  The  tides  no  longer  follow  them. 
Hie  Atlantic,  for  example,  opens  to  them  a  long,  deep  canal,  nmning  from  North  to 
South,  and  after  the  great  tidal  elevation  has  entered  the  mouth  of  this  Atlantic 
canal,  it  moves  continually  Northward ;  for  the  second  1 2  hours  of  its  life  it  travels 
north  from  the  Cape  of  Good  Hope  and  Cape  Horn,  and  at  the  end  of  the  first 
34  hours  of  its  existence,  has  brought  high  water  to  Cape  Blanco  on  the  West 
of  Africa,  and  Newfoundland  on  the  American  continent.  Turning  now  round  to 
the  Eastward,  and  at  right  angles  to  its  original  direction,  this  gpreat  tidal  wave 
brings  high  water,  during  the  morning  of  the  2^^  day,  to  the  Western  coasts  of 
Ireland  and  England.  Passing  round  the  Northern  cape  of  Scotland,  it  reaches 
Aberdeen  at  noon,  bringing  high  water  also  to  the  opposite  coasts  of  Norway  and 
Denmark.  It  has  now  been  travelling  precisely  in  the  opposite  direction  to  that 
of  its  genesis,  and  in  the  opposite  direction,  also,  to  the  relative  motion  of  the  Sun 
and  Moon.  But  its  erratic  course  is  not  yet  complete.  It  is  now  travelling  from  the 
Northern  mouth  of  the  German  Ocean  Southwards.  At  midnight  of  the  2b<^  day  it  is 
at  the  mouth  of  the  Thames,  and  wafts  the  merchandise  of  the  world  to  the  quays  of 
the  port  of  London.  In  the  course  of  this  rapid  journey  the  reader  will  have  noticed 
how  the  lines  [on  the  map]  in  some  parts  are  crowded  together  closely  on  each  other, 
while  in  others  they  are  wide  asunder.  This  indicates  that  the  tide-wave  is  travelling 
with  varying  velocity.  Across  the  Southern  Ocean  it  seems  to  travel  nearly  1000  miles 
an  hour,  and  through  the  Atlantic  scarcely  less ;  but  near  some  of  the  shores,  as  on 
the  coast  of  India,  as  on  the  East  of  Cape  Horn,  as  round  the  shores  of  Great  Britain, 
it  travels  very  slowly ;  so  that  it  takes  more  time  to  go  from  Aberdeen  to  London 
than  over  the  arc  of  1 20°  which  reaches  from  60°  of  Southern  latitude  to  60°  North  of 
the  Equator.  These  differences  have  still  to  be  accounted  for ;  and  the  high  velocities 
are  invariably  found  to  exist  where  the  water  is  deep,  while  the  low  velocities  occur 
in  shallow  water.  We  must  therefore  look  to  the  conformation  of  the  shores  and 
bottom  of  the  sea  as  an  important  element  in  the  phenomena  of  the  tides  «*." 

<"  Phil,  Trans,,  vol.  cxxiii.  p.  212.  1833. 
*'  Johnston,  Phy*,  Atl<i$. 
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Tidal  effects  on  rivers  are  often  very  striking.  Especially 
is  this  the  case  with  the  Avon  at  Bristol :  when  the  tide  is  at  its 
ebb,  the  river  is  little  better  than  a  shallow  ditch,  but  when  the 
waters  have  risen  to  the  maximum  height,  an  insignificant  stream 
is  converted  into  a  broad  and  deep  channel,  navigable  by  the 
largest  Indiaman. 

The  instinct  of  animals  in  respect  of  the  tides  is  often  very 
remarkable.  A  Scotch  writer  observes:  "The  accuracy  with 
which  cattle  calculate  the  times  of  ebb  and  flow,  and  follow  the 
diurnal  variations,  is  such,  that  they  ai*e  seldom  mistaken,  even 
when  they  have  many  miles  to  walk  to  the  beach.  In  the  same 
way  they  always  secure  their  retreat  from  these  insulated  spots 
in  such  a  manner  that  they  are  never  surprised  and  drowned." 

In  their  passage  up  rivers,  tides  are  gradually  extinguished, 
as  will  be  seen  from  the  following  table  relating  to  the  Thames*: — 

London  (Docks) 

Patney 

Kew        

Richmond  

Teddingion         

At  certain  places  on  the  coast  of  Hampshire  and  Dorsetshire 
the  waters  of  the  ocean  ebb  and  flow  twice  in  1 2  hours  instead 
of  only  once,  as  is  usual  elsewhere.  Southampton,  Christchurch, 
Poole,  Weymouth,  and  the  Firth  of  Forth,  may  be  mentioned  as 
places  where  this  singular  phenomenon  has  been  observed'. 

Macculloch,  the  Scotch  writer  just  quoted,  says  that  in  the 
strait  between  the  island  of  Isla  and  the  islets  of  Chenzie  and 
Oersa  the  time  of  the  ebb  is  lof  hours,  and  that  of  the  flood  only 
I J  hour«. 

Another  abnormal  tidal  phenomenon,  presenting  some  re- 
markable features,  occurs  once  a  year  in  the  rivers  Severn, 
Humber**,  and  Loire,  and  in  some  other   rivers*  of  the   same 

*  Phil,  Trans.,  vol.  cxxiii.  p.  204.  1833.  >  The  river  Dordogne  in  France  is  oc- 
'  Phil.  Trans.,  vol.  cxxiii.  p.  226.  1833.       cationally  the  scene  of  a  natural  pheno- 

*  J.  Macculloch,  Description  0/  the  menon  which  would  appear  to  present 
Western  Islands  of  Scotland,  1824,  vol.  some  analogytothe"  Bore"  of  the  Severn, 
ii.  p.  225.  And  I  believe  that  the  Dee  at  Chester 

^  White,  Eastei'n  England y  vol. ii.  ch.  3.       furnishes  another  instance. 
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Uei| 
18ft. 

(hi. 
10  in. 

Di«tano8  from  Mouth. 
60  m. 

10 

2 

67i 

7 

3 
I 

I 
10 

4i 

73 
...        76 

79 
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character  as  regaitls  the  formation  of  their  banke.  This  is  the 
"  hygre,"  or  "  bore,"  and  ia  due  to  the  fact  that  a  wide  estuary  at 
the  mouth  of  the  river  suddenly  contracts  like  a  funnel.  The 
result  is,  that  the  estual  spring  tide  rushes  up  with  an  over- 
powering force,  carrying  all  before  it.     This  further  peculiarity 


likewise  subsists:  namely,  tbat  there  is  no  "  slack -water,"  as  is 
ordinarily  tho  case  in  other  rivers,  between  the  ebb  and  flow  of 
the  tide.  The  approach  of  the  bore  on  the  Severn  may  be  heard 
at  a  considerable  distance  roaring,  as  it  were,  in  its  upward 
progress.     The  head  is  about  i"  high,  and  it  frequently  < 
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a  good  deal  of  mischief  to  property.  The  maximum  effect  is  at 
the  4*^*  tide  after  the  Full  Moon. 

Fig.  174,  represents  the  tidal  phenomenon  known  as  the 
"Mascaret"  on  certain  French  rivers,  especially  the  Garonne 
and  the  Seine,  which  corresponds  with  the  "Bore"  of  the  Severn. 

An  inspection  of  the  engraving  coupled  with  the  remarks 
made  above  will  sufficiently  indicate  the  general  character  of 
the  phenomenon^. 

The  evident  connexion  between  the  periods  of  the  tides  and 
those  of  the  phases  of  the  Moon  led  to  the  tides  being  attributed 
to  the  Moon's  action  long  before  their  true  theory  was  understood. 
Aristotle^  and  Pytheas  of  Mai'seilles "^  are  both  said  to  have 
pointed  out  the  connexion.  Julius  Csesar  adverts  to  the  con- 
nexion existing  between  the  Moon  and  spring  tides  ". 

Pliny  says:  "iEstus  maris  accedere  et  reciprocare,  maxime 
minim:  pluribus  quidem  modis:  verum  causa  in  sole  lundqiie^^ 
Kepler  clearly  indicated  that  the  principle  of  gravitation  is  con- 
oemedP—an  opinion  from  which  Galileo  strongly  dissented^. 
Wallis,  in  1666,  also  published  a  tidal  theory '.  Before  Sir  Isaac 
Newton  turned  his  attention  to  this  subject,  the  explanations 
given  were  at  best  but  vague  surmises.  "  To  him  was  reserved 
the  glory  of  discovering  the  true  theor}'  of  these  most  remarkable 
phenomena,  and  of  tracing,  in  all  its  details,  the  operation  of  the 
cause  which  produces  them." 

k  For    farther    particulars    in    florid  "  Dt  Bello  OallicOt  lib.  iv.  cap.  29. 

deiaSl,  aee  *  paper  by  Flammarion  in  **  Pliny,  Hist.  Nat.,  lib.  ii.  cap.  99. 

L^Astronomie,  vol.  v.  p.  aSi,  Aug.  1885.  i'  EpUi.  Att.,  p.  555. 

>  ncp2  K^<rfiot;.  1  Didloghi. 

■  Plutarch, I)eP^i«<t>, lib.  iii.  cap.  1 7.  "^  Phil.  Trans.,  vol.  i.  p.  363.   1666. 
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CHAPTEK   III. 

PHYSICAL  PHENOMENA. 

Secular  Variation  in  the  Obliquity  of  ike  Ecliptic* — Preeetsion. — Its  value. — Ita 
phifsieal  cause. — Correction  for  Precession. — History  of  its  discovery. — Nutation. 
— HerscheVs  definition  of  it. — Connexitm  between  Precession  and  Nutation. 

Regular  Variation  in  the  Obliquity  of  the  Ecliptic, — Although 
^^  it  is  sufficiently  near  for  most  purposes  to  consider  the 
inclination  of  the  plane  of  the  ecliptic  to  that  of  the  equator  as 
invariable,  yet  this  is  not  strictly  the  case,  inasmuch  as  it  is 
subject  to  a  small  but  appreciable  change  of  46-45"  (C.  A.  F. 
Peters)  per  century.  This  phenomenon  has  long  been  known  to 
astronomers,  on  account  of  the  increase  it  causes  in  the  latitude 
of  all  stars  in  some  situations,  accompanied  by  a  corresponding 
decrease  in  the  opposite  regions.  Its  effect  at  the  present  time 
is  to  diminish  the  inclination  of  the  planes  of  the  equator  and 
the  ecliptic  to  each  other ;  but  this  diminution  will  not  go  on* 
beyond  certain  very  moderate  limits,  after  which  it  will  again 
increase,  and  thus  oscillate  backwards  and  forwards  through 
an  arc  of  1°  21',  the  time  occupied  in  one  oscillation  being 
about  io,ocx>  years.  One  effect  of  this  variation  of  the  plane 
of  the  ecliptic — that  which  causes  its  nodes  on  a  fixed  plane  to 
change — is  associated  with  the  phenomena  of  the  precession  of 
the  equinoxes,  and  cannot  be  distinguished  from  it,  except  in 
theory  ^. 

Precession. — The  precession  of  the  equinoxes  is    a  slow  but 

*  Compare  Oenesis  viii.  22.  the  epoch  of  January  i,  1890,  i§  23"^  27' 

^  The  inclination   of  the  ecliptic  for       12*79". 
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continual  shifting  of  the  equinoctial  points  from  East  to  West  ^. 
Celestial  longitudes  and  right  ascensions  are  reckoned  from  the 
vernal  equinox,  and  if  this  were  a  fixed  point,  the  longitude  of 
a  star  would  never  vary,  but  would  remain  the  same  from  age 
to  age  as  does  its  latitude  (itenMl^).  Such,  however,  is  not  the 
case;  as  it  has  been  found  that  apparently  all  the  stars  have 
changed  their  places  since  the  first  observations  were  made  by 
the  astronomers  of  antiquity^.  Two  explanations  only  can  be 
given  to  account  for  this  phenomenon :  we  must  either  suppose 
that  the  whole  firmament  has  advanced,  or  that  the  equinoctial 
points  have  receded.  And  as  these  points  depend  on  the  Earth's 
motion,  it  is  far  more  reasonable  to  suppose  that  the  phenomenon 
is  owing  to  some  perturbation  of  our  globe  rather  than  that  the 
starry  heavens  should  have  a  real  motion  relative  to  these  points. 
The  latter  explanation  is  accordingly  adopted,  namely,  that  the 
equinoxes  have  a  periodical  retrograde  motion  from  East  to  We^ly 
thereby  causing  the  Sun  to  arrive  at  them  sooner  than  it  other- 
wise would  had  these  points  remained  stationary.  The  annual 
amount  of  this  motion  is,  however,  exceedingly  small,  being  only 
equal  to  50*2"®;  and  since  the  circle  of  the  ecliptic  is  divided 
into  360°,  it  follows  that  the  time  occupied  by  the  equinoctial 


^  It  may  be  well  to  mention  that  the 
equinoxes  are  the  two  points  where  the 
ecliptic  cuts  the  equator ;  and  are  so 
called  because  when  the  Sun  in  its  annual 
ooune  arrives  at  either  of  them,  day  and 
night  are  equal  throughout  the  world. 
Hie  point  where  the  Sun  crosses  the 
equator,  going  north,  is  known  as  the 
vernal  equinox ;  and  the  opposite  point, 
through  which  the  Sun  passes  going 
souUi,  as  the  autumnal  equinox.  These 
intersecting  points  are  also  termed  nodes, 
and  an  imaginary  line  joining  the  two, 
the  line  of  nodes.  The  ascending  node 
(  3  )  answers  to  the  vernal  equinox,  and 
the  descending  (  O  )  to  the  autumnal. 

'  By  *'  change  of  place  *'  is  here  meant 
change  of  position  of  the  Sphere  as  a 
whole  to  certain  fixed  co-ordinates,  not 
change  of  place  of  the  stars  inter  m,  so  ae 
to  alter  the  figures  of  the  Constellations ; 
although  many  individual  stars — as  we 


shall  see  hereafter — have  very  consider- 
able proper  motions. 

*  Bessel,  by  a  careful  discussion  of  the 
most  reliable  observations,  fixed  the  value 
of  general  precession  for  the  epoch  of 
1750  at  50*21129'',  and  the  value  of  luni- 
solar  precession  at  50*375 7 2".  For  the 
epoch  of  1800  he  gave  for  the  value  of 
the  latter  50*36354".  The  lunar  preces- 
sion is  about  2^  times  Uie  solar  preces* 
sion,  just  as  the  lunar  tide  is  2^  times 
the  solar  tide,  an4  for  much  the  same 
reason,  namely,  the  difference  of  the  at- 
tractions. Dreyer's  value  for  1800  for 
the  general  precenion  is  50*2365'',  and 
for  the  luni-solar  precession  50*3752" 
{CopernicuMf  vol.  ii.  p.  155.  1882).  And 
see  a  paper  by  L.  Struve,  Mem,  de  VAcad. 
de  St.  Pitertbourgt  7th  Ser.,  vol.  xxxv. 
p.  3,  cited  Obeereatory,  vol.  xi.  p.  200, 
April  1888. 
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points  in  making  a  complete  revolution  of  the  heavens  is 
25,817  years.  It  is  owing  to  precession  that  the  Pole-star  varies 
from  age  to  age,  and  also  that  whilst  the  sidereal  year,  or  actual 
revolution  of  the  Earth  round  the  Sun,  is  365^  6*»  9*  i  i«o«,  the 
equinoctial,  solar,  or  tropical  year  is  only  365^  5**  48"*  460^ 
(Airy).  The  successive  returns  of  the  Sun  to  the  same  equi- 
noctial points  must  therefore  precede  its  return  to  the  same 
point  on  the  ecliptic  by  20>*  24*95"  of  time,  which  corresponds 
to  about  50*27''  of  arc.  It  is  also  on  account  of  the  precession 
of  the  equinoxes  that  the  signs  of  the  ecliptic  do  not  now  corre- 
spond with  the  constellations  of  the  same  name,  but  lie  about  28'' 
Westward  of  them.  Thus,  that  division  of  the  ecliptic  known  as 
the  sign  of  Taurus  lies  in  the  ctmsiellatioH  Aries,  the  sign  of  Aries 
having  passed  into  Pisces.  It  should  be  remarked,  however, 
that  the  signs  and  constellations  coincided  with  one  another 
about  100  B.C.  In  recent  times,  the  attempts  that  have  been 
made  to  establish  the  motion  of  the  solar  sjrstem  through  space 
have  rendered  an  accurate  knowledge  of  precession  indispensable ; 
and  the  elaborate  labours  of  C.  A.  F.  Peters  and  O.  Struve 
have  led  to  a  slight  modification  in  the  value  of  the  constants 
of  precession  adopted  by  BesseH.  Their  new  value  for  the 
general  precession  is,  for  1800,  50-241  i"-i- 0-0002268"^. 

"  The  cause  of  precession  is  to  be  found  in  the  combined  action 
of  the  Sun  and  Moon^  upon  the  protuberant  mass  of  matter 
accumulated  at  the  Earth's  equator,  the  attraction  of  the  planets 
being  scarcely  sensible  ^.  The  attracting  force  of  the  Sun  and 
Moon  upon  this  shell  of  matter  is  of  a  two-fold  character ;  one 
parallel  to  the  equator,  and  the  other  perpendicular  to  it.  The 
tendency  of  the  latter  force  is  to  diminish  the  angle  which  the 
plane  of  the  equator  makes  with  the  ecliptic ;  and  were  it  not  for 
the  rotatory  motion  of  the  Earth,  the  planes  would  soon  coincide ; 
but,  by  this  motion,  the  planes  remain  nearly  constant  to  each 
other.    The  effect  produced  by  the  action  of  the  force  in  question 

'  Tabulm  Regiomontante.  preoeMion,  given  at  any  time,  includes 

^  Called  hence,  luni-tolar  |»recewion.         the  variation  caused  by  the  planets,  it  is 
h  When  the  value  of  the  oon«tant  of      called  the  constant  of  gfft^ral  precession. 
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is,  however,  that  the  plane  of  the  equator  is  constantly,  though 
slowly,  shifting  its  place  in  the  manner  we  have  endeavoured  to 
describe/' 

In  the  reduction  of  astronomical  observations  the  correction  to 
be  applied  for  precession  in  right  ascension  is  almost  always 
additive;  increasing  in  the  regions  round  the  poles  of  the 
heavens,  but  becoming  very  small  near  the  poles  of  the  ecliptic. 
It  is  in  the  space  included  between  these  poles  in  each  hemisphere 
that  the  correction  becomes  subtractive ;  in  the  northern  hemi- 
sphere, this  small  space  comprehends  the  constellations  lying 
near  the  XVIII**^  hour  of  R.A.,  that  being  the  R.A.  of  the  North 
ecliptic  pole ;  and  in  the  southern  hemisphere,  the  constellations 
lying  near  the  VP^  hour,  that  being  the  R.A.  of  the  South  ecliptic 
pole.  The  remarks  I  have  just  made  apply  only  to  those  stars 
whose  declination  North  or  South  exceeds  6  f.  The  annual  preces- 
sion in  declination,  however,  depends  on  the  starts  right  ascension 
only,  both  as  to  amount  and  direction.  At  VI  and  XVIII  hours 
it  is  at  zero  ;  at  XII  hours  it  reaches  the  Northern  maximum  of 
20'' ;  and  at  XXIV  it  reaches  a  similar  Southern  maximum.  From 
XVm  to  XXIV  hours,  and  from  XXIV  to  VI  hours,  the  pre- 
cession is  N.,  consequently  additive  to  stars  of  North  declination, 
but  subtractive  from  those  of  South  declination :  but  from  VI  to 
XVIU,  the  precession  being  S.,  it  is  additive  to  Southern,  and 
subtractive  from  Northern  stars  \ 

The  discovery  of  precession  dates  from  about  125  B.  c,  when  it 
was  detected  by  Hipparchus,  by  means  of  a  comparison  of  his 
own  observations  with  those  of  Timocharis  and  Aristyllus,  made 
about  178  years  previously:  its  existence  was  afterwards  con- 
firmed by  Ptolemy  ^,  It  was  Copernicus,  however,  who  first  gave 
the  true  explanation  of  the  phenomenon,  and  Newton  who 
discovered  its  physical  cause. 

Nutation  ^ — It  must  be  borne  in  mind  that  the  effect  of  preces- 
sion varies  according  to  the  time  of  year,  on  account  of  the 
ever-varying  distance  of  the  Earth  from   the    Sun.     Twice   a 

I  A  uneful  table  of  precetuiioiis  will  be  given  in  a  later  volume  of  this  work. 
^  Alnuigettf  lib.  vii.  '  XnMio^  nodding. 
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year,  (at  the  equinoxes,)  the  influence  of  the  Sun  is  at  zero  ;  and 
twice  a  year  also,  (at  the  solstices,)  it  is  at  its  maximum.  On  no 
two  successive  days  is  it  of  exactly  the  same  value,  and  con- 
sequently the  precession  of  the  equinoctial  points  is  uneven,  and 
the  obliquity  of  the  ecliptic  is  subject  to  a  half-yearly  variation  ^ 
since  the  Sun's  force  which  changes  the  obliquity  is  constantly 
varying,  while  the  rotation  of  the  Earth  is  continuous.  This  then 
gives  rise  to  a  small  oscillating  motion  of  the  Earth's  axis,  termed 
the  9olar  nutation  :  of  a  far  more  considerable  amount,  however,  is 
the  value  of  the  nutation  arising  from  the  agency  of  the  Moon  ; 
so  much  so  that  it  was  detected  by  Bradley  before  even  its 
existence  had  been  inferred  from  theory  ". 

The  nature  of  nutation  cannot  be  better  explained  than  in 
nearly  the  words  of  Sir  J.  Herschel,  who  says : — "  The  nutation 
of  the  Earth's  axis  is  a  small  and  slow  gyratory  movement,  by 
which,  if  subsisting  alone,  the  pole  would  describe  among  the 
stars,  in  a  period  of  i8l  years,  a  minute  ellipse  having  its  longer 
axis  equal  to  18*5'^  and  its  shorter  to  1374^^  (the  longer  being 
directed  towards  the  pole  of  the  ecliptic,  and  the  shorter  of  course 
at  right  angles  to  it) ;  the  semi-axis  major  is,  therefore,  equal  to 
9'a5",  which  quantity  is  called  the  *  coefficient  of  nutation  °.'  The 
consequence  of  this  real  motion  of  the  pole  is  an  apparent  ad- 
vance and  recess  of  all  the  stars  in  the  heavens  to  the  pole  in  the 
same  period.  Since,  also,  the  place  of  the  equinox  on  the  ecliptic 
is  determined  by  the  place  of  the  pole  in  the  heavens,  the  same 
agency  will  cause  a  small  alternating  motion  to  and  fro  of  the 
equinoctial  points,  by  which,  in  the  same  periods,  both  the  longi- 
tudes and  the  right  ascensions  of  the  stai*s  will  be  alternately 
increased  and  diminished. 

"  Precession  and  nutation,  although  for  convenience  here  con- 
sidered separately,  in  reality  exist  together ;  they  are,  in  fact,  con- 
stituent parts  of  the  same  general  phenomenon :  and  since,  while 
in  virtue  of  this  nutation,  the  pole  is  describing  its  little  ellipse 

■"  PA»2.  Traiif.,  vol.  xlv.  p.  I.  1748.  9*2231",   is    the    value    finally  adopted 

"  Other  values  are:  BoscVs  9*3320",  by  Peters.     {Numerus  constans  Nuta- 

Lundahl's    9*2361",    C.    A.   F.   Peters's  tionit,  4to.  Petropoli,  1842 :  see  p.  5  of 

9*2164''.      A    mean    of   these,    namely  W.StruveVJ?appoH  on  Peter8*s  Memoir.) 
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of  18-5"  in  diameter,  it  is  carried  on  by  the  greater  and  regularly 
progressiye  motion  of  precession  over  so  much  of  its  circle  round 
the  pole  of  the  ecliptic  as  corresponds  to  i8|  years— that  is  to 
say,  over  an  angle  i8|  times  50*1'^  round  the  centre  (which,  in  a 
small  circle  of  23''  28^  in  diameter,  corresponds  to  6^  20'',  as  seen 
from  the  centre  of  the  sphere)  ;  the  path  which  it  will  pursue  in 
virtue  of  the  joint  influence  of  the  2  motions  will  be  neither  an 
ellipse  nor  an  exact  circle,  but  a  slightly  undulating  ring. 

''  These  movements  of  precession  and  nutation  are  common  to 
all  the  celestial  bodies,  both  fixed  and  erratic ;  and  this  circum- 
stance makes  it  impossible  to  attribute  them  to  any  other  cause 
than  the  real  motion  of  the  Earth's  axis,  as  we  have  described. 
Did  they  only  affect  the  stars,  they  might,  with  equal  plausibility, 
be  considered  as  arising  from  a  real  rotation  of  the  starry  heavens 
as  a  solid  shell  around  our  axis,  passing  through  the  poles  of  the 
ecliptic  in  25,868  years,  and  a  real  elliptic  gyration  of  tiai  axis 
in  rather  more  than  18  years :  but  since  they  also  affect  the  Sun, 
Moon,  and  planets,  which,  having  motions  independent  of  the 
general  body  of  the  stars,  cannot  without  extravagance  be  sup- 
posed to  be  attached  to  the  celestial  conclave,  this  idea  falls  to  the 
ground ;  and  there  only  remains,  then,  a  real  motion  of  the  Earth 
by  which  they  can  be  accounted  for**.*' 

^  Treatise  on  Aat.^  p.  17a.  1833.  In  the  original  version  strikes  me  »s  being 
his  Oullines  of  Astronomy  Sir  John  the  better  of  the  two,  and  therefore  I 
altered  this  statement  of  natation,  but      retain  it  here. 
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CHAPTEB   IV. 

ABERRATION  AND  PARALLAX. 

AherrmHom^ — The  emuimmi  of  Abtrraiiom. — Fmmiiiar  iUmdrmiiom, — HuHvy  of  iht 
riremmmttimre§  mkiek  led  to  it$  diseonry  hf  BrmdUy. — PmrMax. — SxplmmaHom 
if  iJU  maim€.—PmrmUax  of  tko  hmtetUjf  hodim.^Pmrmiimx  €f  tko  JCmh.— J»- 
portwue  of  a  eerrtei  deienmimatiom  of  iko  Pmrmttax  ^  om  objtci. — hmmard 
Digfet  om  tie  ditiamee  of  the  Flaneitfrom  iho  Earth, 

y^BERRATION,—Th^  aberration  of  light  is  another  im- 
^^-^  portant  phenomenon  which  requires  to  be  taken  into 
consideration  in  the  reduction  of  astronomical  observations. 
Althou^  light  travels  with  the  enormous  velocity  of  186,660* 
miles  per  second — a  speed  so  great,  that  for  all  practical 
terrestrial  purposes  we  may  consider  it  to  be  propagated 
instantaneously;  yet  the  astronomer,  who  has  to  deal  with 
distances  of  millions  of  miles,  is  obliged  to  be  more  precise. 
A  simple  illustration  will  shew  this :  if  we  take  the  mean 
distance  of  our  globe  from  the  Sun  at  92,890,000  miles,  and 
consider  that  light  travels  at  the  rate  of  186,150  miles 
per  second,  we  may  ascertain  by  a  simple  arithmetical  process 
that  the  time  occupied  by  a  ray  of  light  in  reaching  us  from 
the  Sun  Lb  8™  19",  so  that  in  point  of  fact,  in  looking  at  the  Sun 
at  a  given  moment,  we  do  not  see  it  shining  as  it  is,  but  as  it  was 
8"  i9»  previously.     If  the  Earth  were  at  rest,  this  would  be  a 

*  A.  Ckima  {Proeeedingt  of  the  Roif.  Young  and  Forbes,  301,382  kilometres. 

Intt,,  ToL  Tu.  p.  473,  May  1875)  makes  For  a  comprehensive  reriew,  historical 

it  186,660  miles,  bat  it  is  probably  some-  and  practical,  of  the  whole  subject  of  the 

what  less.    Other  Talnas  obtained  ex-  velocity  of  lig^t,  see  a  Memoir  by  New- 

psrimsBtaUyafe:  Helmert,  399,990  kilo-  comb  in  Atirou.  Papers  prepared  for 

\;  MioMMO,  199,910  kilometres;  Ameriram  Xrif/.  Aim.,  vol.  ii.  part  III. 
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trivial  matter;  but  as  the  Elarth  is  in  motion,  it  follows  that 
when  the  solar  ray  enters  the  eye  of  a  person  on  its  surface,  he 
will  be  some  way  removed  from  the  point  in  space  at  which  he 
was  situated  when  the  ray  left  the  Sun ;  he  will  consequently 
see  that  luminary  behind  the  true  place  it  actually  occupies  when 
the  ray  enters  his  eye.  In  the  course  of  8™  19"  the  Earth  will 
have  advanced  in  its  orbit  20*492^^ ;  this  quantity  is  called  the 
CoMtant  cf  Aberration  **.  Aberration  may  be  defined  to  be  a  phe- 
nomenon resulting  from  the  combined  effect  of  the  motion  of 


nQ 


ABERRATION. 


Hght  and  of  the  motion  of  the  Earth  in  its  orbit  ^.  Suppose 
a  ball  let  fall  from  a  point  P  above  the  horizontal  line  AB,  and 
a  tube,  of  which  A  is  the  lower  extremity,  placed  to  receive  it ; 
if  the  tube  were  fixed  the  ball  would  strike  it  on  the  lower  side, 
but  if  the  tube  were  carried  forwards  in  the  direction  AB,  with 
a  velocity  properly  adjusted  at  every  instant  to  that  of  the  ball 
while  pre9erving  if 9  inclination  to  the  horizon,  so  that  when  the 
ball  in  its  natural  descent  reached  B  the  tube  would  have  been 
carried  into  the  position  BQ,  it  is  evident  that  the  ball  through- 
out its  whole  descent  would  be  in  the  tube ;   and  a  spectator 

^  Baily's  value  is  30-41 9" ;  W.  Struve's  8truve*s  wm  long  oontidered  the  best,  but 

ii  30*445";   C.  A.  F.  Peten's,  aO'4a5^  Nyr6n*s  in  now  acce|>ted  m  siioh. 

30-503'^     and      20*481";      Lindenau'is  <  See  apaper  byChallis  inPAtT.  JVii^., 

aO'448";  Liindahl>,  30-550";  Maclear*s,  4th  eer.,  toI.  ix.  p.  430.    June  1855. 
ao«53";  Main's,  ao.335";  Nyr<5n'8,  20-493". 
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referring  to  tlie  tube  the  motion  of  the  liall,  and  carried  along 
with  the  former,  uneonscioua  of  its  motion  would  fancy  that  the 
ball  had  been  moving  in  an  inclined  direction  and  had  corae 
from  Q.  Tiie  following  similea  are  frequently  used  to  exemplify 
aberration :  a  shower  of  rain  descending  perpendicularly  will 
appear  to  fall  in  ita  biue  direction  to  a  person  at  re^t,  but  if  he 
move  rapidly  through  it,  it  will  meet  him  in  a  slanting  direction : 
in  other  words,  it  nHll  have  an  apparent  as  well  aa  a  real  motion. 
A  cannon-ball  fired  from  a  shore-battery  at  a  vessel  passing  up  a 
river  will  not  pass  through  the  ship  in  a  line  coincident  with  the 
direction  of  the  ball,  but  will  emerge  on  the  other  side  at  a  point 
differing  more  or  less  from  this  line  ;  the  amount  of  the  variation, 
however,  will  depend  on  the  relative  velocities  of  the  ball  and 
ship  at  the  time.  If  we  suppose  the  cannon-ball  to  represent 
light,  and  the  movement  of  the  ship  the  motion  of  the  Earth  in 
its  orbit,  we  have  an  excellent  illustration  of  the  phenomenon 
of  aberration ''. 

This  unquestionably  grand  discovery  resulted  more  immediately 
from  an  attempt  to  detect  stellar  parallax.  Although  the  facts 
i-evealed  by  the  invention  of  the  telescope  and  the  discovery  of 
gravitation  had  the  effect  of  establishing  beyond  doubt  the  truth 
of  the  Copernican  theory  of  the  Univerae,  still  it  was  much  to  be 
desired  that  some  more  direct  proof  should  be  adduced.  The 
absence  of  any  appreciable  change  in  the  positions  of  the  Ssed 
stars  when  examined  from  opposite  sides  of  the  Earth's  orbit,  was 
one  of  the  earliest,  and  at  the  same  time  one  of  the  most  serious, 
arguments  brought  against  the  system  of  Copernicus ;  as  it  was 
always  considered  that  the  detection  of  such  a  change  would 
furnish  an  irresistible  proof  that  the  Earth  was  not  at  rest,  and 
consequently  waa  not  the  centre  of  the  system.  The  first  obser- 
vation which  ultimately  led  to  the  discovery  of  aberration  waa 
made  by  Hooke,  who  selected  the  star  y  Draconis  ae  suitable  for 
the  detection  of  annual  parallax '.     After  observing  it  carefully 


■<  Sm  Airj's  Leclura  on  Ailroaomf.      wrvc  (tut  u  ncu  the  uiiith  m  poiaible, 
iSS.  in  order  Ut  »Toid  the  effbcU  uising  from 

*  Unoke  coniidared  it  desirable  U-<  ob-        «ny  nDeerUunt;  U  to  the  VlJue  of  re- 
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at  different  seasons  of  the  year,  he  came  to  the  conclusion  that  it 
had  a  sensible  parallax.  It  was  »oon  found,  however,  that  the 
star  was  subject  to  a  displacement  in  a  direction  contrary  to 
that  which  ought  to  have  resulted  had  the  star  been  affected 
by  parallax  only ;  and  it  was  for  the  purpose  of  endeavouring  to 
ascertain  the  physical  cause  of  this  strange  phenomenon  that 
Bradley  was  led  to  provide  himself  with  an  instrument,  that  he 
might  more  conveniently  study  the  subject  of  parallax  and 
anything  that  might  arise  connected  therewith.  His  obaervationa 
completely  confirmed  those  of  Hooke,  and  "  at  length  the  happy 
idea  occurred  to  him,  that  the  phenomenon  might  be  completely 
accounted  fur  by  the  gradual  propagation  of  light  combined  with 
the  motion  of  the  Earth  in  its  orbit." 

Parallax  "  is  the  apparent  change  of  place  which  bodies 
undergo  by  being  viewed  from  different  points."  This  is  the 
general  eignitication  of  the  woi-d ;  but  with  the  astronomer 
it  has  a  conventional  meaning,  and  implies  the  difference  be- 
tween the  apparent  positions  of  any  celestial  object  when  viewed 
from  the  surface  of  the  Earth  and  from  the  centre  of  either  the 
Earth  or  the  Sun,  to  one  or  other  of  which  centres  it  is  usual  to 
refer  all  astronomical  observations.  The  position  of  a  heavenly 
body,  as  seen  from  the  Earth's  surface,  is  called  its  appareHt  pface ; 
and  that  in  which  it  would  be  seen,  were  the  observer  stationed 
at  the  Earth's  centre,  is  known  as  the  Iriie  place.  It  is  plain, 
therefore,  that  the  altitudes  of  the  heavenly  bodies  are  depressed 
by  parallax,  which  is  greatest  at  the  horizon^,  and  decreases 
as  the  altitude  of  the  object  increases,  until  it  disappears  al- 
together at  the  zenith.  In  Figure  1 76,  Z  is  the  zenith,  C  P  the 
visible  horizon,  A  B  the  rational  horizon,  O  the  position  of  an 
observer,  and  R  the  centre  of  the  Earth.  From  O  the  observer 
will  see  the  stars  projected  on  tho  sky  at  P,  P',  and  F',  {apparent 


fraetion ;  sod  7  Dnconia  luippenMl  to  be 

the  nit\y  bright  star  ptuaing  within  a  few 
minntes  of  the  lenith  of  Greeluini  Col- 
lege, where  hi*  iiutrumeiit  was  erected, 
{Allmpl  to  prove  thtMoUoB  oftkeKaelk, 


'  Thia  is  the  cue  beouie  imaginary 

linefl,  drawn  from  the  object  to  the 
observer,  and  to  the  centre  of  the 
Eanh  reipectivel;,  will  then  have  the 
greatest    poeiible    inclination    to    each 
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plaeeJt) ;  but,  referred  to  the  centre  of  the  Earth,  the  points  of 
projection  will  be  Q,  Q',  and  Q''  (geocentric  places).  The  general 
nature  of  parallax  may  be  readily  understood  by  supposing 
2  persons  placed  each  at  the  end  of  a  straight  line,  to  look  at 
a  carriage  standing  in  front  of  a  house  at  the  distance  (say)  of 
50  yards  from  each  station.  It  is  evident  that  the  carriage  will 
appear  to  each  spectator  projected  upon  different  parts  of  the 
house.  The  angle  which  this  difference  of  position  gives  rise  to, 
that  is  to  say  the  angle  formed  by  the  2  lines  of  direction,  is 


PARALLAX. 


the  angle  of  parallax.  Let  us  suppose  the  2  observers  (still 
at  the  same  distance  from  each  other)  to  recede  from  the  carriage ; 
the  angle  of  parallax  will  become  more  and  more  acute,  until  at 
length  it  will  become  insensible.  The  example  here  adduced 
may  be  applied  to  the  heavenly  bodies^. 

Of- all  the  heavenly  bodies,  the  Moon  is  that  of  which  the  hori- 
zontal parallax  is  the  most  considerable,  because  that  luminary 
is  the  nearest  to  the  Earth.    It  is  found  in  the  following  way : — 


'  A  very  good  popular  exposition  of 
the  priDciples  involTed  in  the  meMnre- 
ment  of  parallaxes  by  aitronomers  will 


be  found  in  Guillemin's  Soieil,  pp.  84-9, 
and  French  Edition. 
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Suppose  that  2  astronomers  take  their  stations  on  the  same  meri- 
dian, one  South  of  the  equator,  as  at  the  Cape  of  Good  Hope,  and 
the  other  North  of  the  equator,  as  at  Berlin,  which  2  places  lie 
nearly  on  the  same  meridian:  the  observers  would  severally  refer 
the  Moon  to  different  points  on  the  face  of  the  sky — the  Southern 
observer  carrying  it  farther  to  the  North,  and  the  Northern 
observer  farther  to  the  South,  than  its  true  place  as  seen  from 
the  centre  of  the  Earth.  The  observations  thus  made  at  the 
2  places  furnish  the  materials  for  calculating,  by  means  of  trigo- 
nometry, the  value  of  the  horizontal  parallax  of  the  Moon,  from 
which  we  can  deduce  both  its  distance  and  real  magnitude.  The 
parallax  thus  obtained  is  called  the  diurnal^  or  geocentric,  a  term 
used  to  distinguish  such  parallax  from  annual^  or  heliocentric, 
parallax.  And  in  general  it  may  be  stated  that  these  terms 
express  the  angular  displacement  of  a  celestial  object  according 
as  it  is  viewed  from  the  Earth  or  the  Sun  respectively:  in  par- 
ticular, however,  it  denotes  half  the  angle  formed  by  2  imaginary 
lines  drawn  from  each  extremity  of  the  diameter  of  the 
Earth's  orbit  to  a  fixed  star.  But  this  angle  is  generally  too 
small  to  be  appreciable.  It  was  this  fact  of  the  non-detection 
of  annual  parallax  which  for  a  long  period  of  time  prior  to 
the  invention  of  the  telescope  formed  a  great  obstacle  to  the 
progress  of  Copemican  opinions  relative  to  the  system  of  the 
universe. 

The  Sun,  Moon,  and  planets,  though  separaticd  from  us  by 
millions  of  miles,  are  affected  by  pamllax  to  a  small  but  never- 
theless appreciable  amount.  With  but  a  few  exceptions,  however, 
this  is  not  the  case  with  the  fixed  stars;  for  in  only  a  very 
few  instances  has  parallax  been  detected,  and,  so  far  as  is  yet 
known,  the  star  nearest  to  us  is  a  Centauri,  whose  parallax  is 
equal  to  only  075",  which  is  equivalent  to  many  biUions  of 
miles,  as  will  appear  hereafter**. 

We  may  obtain  some  idea  of  the  importance  attaching  to  a 

^  As  illustratiiig  the  delicacy  of  obter-  inch  in  diameter  would  be  seen  at  Uie 

vations  of  this  kind,  the  following  remark  distance  of  a  mile.    This  is  [that  of]  the 

of  Airy*B  is  instructive:   "An  angle  of  star  which  shows  the  ^rea/M/|>a  ra //ox  o/* 

a"  is  that  in  which  a  circle  ^  of  an  all''    Lecfmre$  on  Att.,  p.  196. 

C  C 
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correct  determination  of  the  parallax  of  an  object  by  an  inspection 
of  the  following  table  : — 

If  the  Sail's  horisonUl  parallax  were  1 1'%  the  mean  distance  of  the  following  planets 
from  the  Sun  in  miles  would  be : — 

The  Eartk,  Mars.  Jupiter,  Sahim, 

75,000.000  114,276,750  39o»o34»5«>  7'5,504»500 

If  the  Sun's  parallax  were  lo'',  the  above  distance  would  become : — 

82,000,000  124,942,580  426,478,720  782,28^,920 

Errors  arising  from  a  mistake  of  only  1" : — 

7,000,000  10,665,830  36,444,220  66,780,420* 

If  the  Sun's  parallax  be  taken  at  8*80,  the  distances  will  be :  — 

92,890,000  141,536,000  483,288,000  886,065,000 

It  is  only  within  comparatively  the  last  few  years  that  the 
efforts  of  astronomers  to  detect  stellar  parallax  have  been 
attended  with  any  amount  of  success.  The  discovery  of  planetary 
parallax  is  of  course  of  older  date.  Pliny  considered  such  in- 
vestigations to  be  but  little  better  than  madness,  and  Biccioli 
remarks,  *'  Parallaxis  et  distantia  stellarum  fixarum,  non  potest 
certa  et  evidenti  observatione  humanitiis  comprehendi."  Leonard 
Digges,  an  old  English  writer,  however,  seems  to  have  found 
no  difficulty  in  the  matter;  he  gives  the  following  table  of 
distances,  which,  however,  unfortunately  for  his  reputation,  has 
turned  out  to  be  seriously  incorrect.  He  adds,  "  Here  demon- 
stracion  might  be  made  of  the  distaunce  of  these  orbes,  but  that 
passeth  the  capacity  of  the  common  sort.''  These  are  his 
results  ^ : — 


Myl«M 

" From  the  Earth  to  the  Moone      ... 

15,750 

From  the  Moone  to  Mercury 

12,812 

From  Mercury  to  Venus 

12,812 

From  Venus  to  the  Sunne 

nAzn 

From  the  Sunne  to  Mars 

15,725 

From  Mars  to  Jupiter       

78,7" 

From  Jupiter  to  Satume  ... 

78,7" 

From  Satume  to  the  Rmuunent . . . 

120.485.' 

Whence  it  follows,  according  to  Digges,  that  the  distance  from 
London  to  the  stars  is  exactly  358,463^^  miles  ! 

I  Ferguson's  Attronomy,  p.  76,  2nd  Edition,  London,  1757. 
^  PrognoBtication  Eaetlaziinge,  2nd  ed.  1576,  fol.  16. 
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CHAPTER   V. 

REFRACTION  AND  TWILIGHT. 

Befraetum, — lU  nature. — ImpoHanee  of  a  correct  knowledge  of  it4  amomnt. — Table 
of  the  correction  for  Refraction, — Effect  of  Refraction  on  the  potition  ofchjeete 
in  the  horizon,^Hittory  of  ite  diieovery.^Twilight — How  cauied,^Ite 
duration, 

T^EFRACTIOK—Be^des  the  change  of  place  to  which  the 
-^*^  heavenly  bodies  are  subjected  by  the  eflTects  of  parallax, 
atmospheric  refraction  gives  rise  to  a  considerable  displacement ; 
and  it  is  this  power  which  the  air,  in  common  with  all  trans- 
parent media,  possesses,  which  renders  a  knowledge  of  the 
constitution  of  the  atmosphere  a  matter  of  importance  to  the 
astronomer.  "  In  order  to  understand  the  nature  of  refraction 
we  must  consider  that  an  object  always  appears  in  the  direction 
in  which  the  last  ray  of  light  comes  to  the  eye.  If  the  light 
which  comes  from  a  star  were  bent  into  50  directions  before  it 
reached  the  eye,  the  star  would  nevertheless  appear  in  a  line 
described  by  the  ray  nearest  the  eye.  The  operation  of  this 
principle  is  seen  when  an  oar,  or  any  stick,  is  thrust  into  the 
water.  As  the  rays  of  light  by  which  the  oar  is  seen  have  their 
direction  changed  as  they  pass  out  of  water  into  air,  the  ap- 
parent direction  in  which  the  body  is  seen  is  changed  in  the 
same  degree,  giving  it  a  bent  appearance — the  pai't  below  the 
water  having  apparently  a  different  direction  from  the  part 
above  •.*' 

*  OhDMitdf  Meehaniem  of  the  Heavene,  $eq.)  there  will  be  foond  a  mefbl  sum- 
p.  94.  Edinburgh  edition.  In  Sir  J.  mary  of  information  concerning  retrao- 
Henchers  Outlinee  of  Att.  (pp.  2T  et      tion. 

C  C  2 


388     Miscellaneous  Astronomical  Phenomena.  [Book  m. 

The  direction  of  this  refraction  is  determined  by  a  general 
law  in  optics,  that  when  a  ray  of  light  passes  out  of  a  rarer 
into  a  denser  medium — e.^.  out  of  air  into  water,  or  out  of 
space  into  the  Earth's  atmosphere — it  is  bent  towards  a  perpen- 
dicular to  the  surface  of  the  medium ;  but  when  it  passes  out 
of  a  denser  into  a  rarer  medium,  it  is  bent  from  the  perpen- 
dicular. Inasmuch  then  as  we  see  any  object  in  the  direction 
in  which  the  rays  emanating  from  it  reach  the  eye,  it  follows 
that  the  effect  of  refraction  is  to  make  the  apparent  altitude 
of  a  heavenly  body  appear  greater  than  the  true  altitude ;   so 


REFRACTION. 


that  for  example  any  object  situated  actually  in  the  horizon 
will  appear  above  it.  Indeed,  some  objects  that  are  actually 
below  the  horizon,  and  which  would  be  otherwise  invisible 
were  it  not  for  refraction,  are  thus  brought  into  sight.  It  was 
in  consequence  of  this  that  on  April  so,  1837,  the  Moon  rose 
eclipsed  before  the  Sun  had  set ;  and  other  like  instances  may 
be  conceived. 

In  Fig.  177,  Z  is  the  zenith,  C  D  the  visible  horizon,  A  B  a 
parallel  of  latitude,  A  E  B  the  boundary  of  the  Earth's  atmo- 
sphere. Then  the  light  of  the  star  Q  will,  to  the  observer  at  O, 
seem  to  come  from  the  point  P. 
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A  correct  determination  of  the  exact  amount  of  atmospheric 
refraction,  or  the  angular  displacement  of  a  celestial  object  at 
any  altitude,  is  a  very  important,  but  a  very  difficult  subject  of 
inquiry,  owing  to  the  fact  that  the  density  of  any  stratum  of  air 
(on  which  its  refractive  power  depends)  is  affected  by  the  opera- 
tion of  meteorological  phenomena  with  which  we  are  at  present 
but  very  imperfectly  acquainted.  Thus,  the  amount  of  refraction 
at  any  given  altitude  depends  not  only  on  the  density  but  also 
on  the  thermometric  and  hygrometric  conditions  of  the  air 
through  which  the  visual  ray  passes.  And  although  we  know 
the  general  fact  that  the  barometric  pressure  ^  and  the  tempera- 
ture^ constantly  diminish  as  we  rise  from  the  Earth*s  surfetce,  yet 
the  law  of  this  diminution  is  not  fully  ascertained.  In  conse- 
quence of  our  ignorance  on  these  points,  some  degree  of  un- 
certaintv  is  introduced  into  the  determination  of  the  amount  of 
refraction,  which  affects  astronomical  observations  involving 
extremely  minute  quantities.  Nevertheless  it  must  be  re- 
membered that  inasmuch  as  the  total  amount  of  refraction 
is  never  considerable,  and  in  most  cases  very  small,  it  can  be 
so  nearly  estimated  as  to  offer  no  serious  impediment  to  the 
astronomer. 

Tables  are  in  use  \  constructed  partly  from  observation  and 
partly  from  theory,  by  means  of  which  we  can  ascertain  approxi- 
mately the  mean  refraction  at  any  given  altitude;  additional 
rules  being  given  by  which  this  average  refraction  may  be 
corrected  according  to  the  state  of  the  air  at  the  time  of  observa- 
tion. At  the  zenith,  or  at  an  altitude  of  90"",  there  is  no  refraction 
whatever,  objects  being  seen  in  the  position  which  they  would 


**  Since  the  barometer  rises  with  an 
increase  in  the  weight  and  density  of  the 
air,  its  rise  is  coincident  with  an  augmen- 
tation, and  its  fall  with  a  decrease,  of 
refraction.  It  will  be  tolerably  near  the 
truth  if  we  assume  that  the  refraction  at 
any  given  altitude  is  increased  or  dimin- 
ished by  y^  of  its  mean  amount  for 
every  lo^^  of  an  inch  by  which  the  baro- 
meter exceeds  or  falls  short  of  30  inches. 

<^  Also  as  an  increase  of  temperature 


causes  a  decrease  of  density,  it  follows 
that  the  rise  of  the  thermometer  dimin- 
ishes the  effect  of  refraction,  the  baro- 
meter remaining  stationary.  We  may 
assume  that  the  refraction  at  any 
given  altitude  is  increased  or  diminished 
^y  riir  o^  i^  mean  amount  for  each 
degree  by  which  the  thermometer  ex- 
ceeds or  falls  short  of  the  mean  tem- 
perature of  55°  Fahr. 
«»  See  Vol.  II,  po$t. 
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have  were  the  Earth  devoid  of  any  atmosphere  at  all.  In 
descending  from  the  zenith  towards  the  horizon,  the  refraction 
constantly  increases,  objects  near  the  horizon  being  displaced  in 
a  greater  degree  than  those  at  high  altitudes.  Thus  the  re- 
fraction, which  at  an  altitude  of  45°  is  only  equal  to  5f\  at  the 
horizon  increases  to  nearly  35^  The  rate  of  the  increase 
at  high  altitudes  is  nearly  in  proportion  to  the  tangent  of  the 
apparent  angular  distance  of  the  object  from  the  zenith ;  but 
in  the  vicinity  of  the  horizon  this  rule  ceases  to  hold  good, 
and  the  law  becomes  much  more  complicated  in  its  expression. 
Since  the  mean  diameter  both  of  the  Sun  and  Moon  is  about 
32^,  it  follows  that,  when  we  see  the  lower  edge  of  either 
of  these  luminaries  apparently  just  touching  the  horizon,  in 
reality  its  whole  disc  is  completely  below  it,  and  would  be  alto- 
gether hidden  by  the  convexity  of  the  Earth  were  it  not  for 
refraction. 

It  is  under  these  circumstances  that  one  of  the  most  curious 
effects  resulting  from  atmospheric  refraction  may  often  be 
noticed,  namely  the  somewhat  oval  outline  presented  by  the 
Sun  and  Moon  when  near  the  horizon.  This  arises  from,  the 
unequal  refraction  of  the  upper  and  lower  limbs.  The  lower 
limb  being  nearer  the  horizon,  is  more  affected  by  refraction, 
and  consequently  is  raised  in  a  greater  degree  than  the  upper 
limb,  "  the  effect  being  to  bring  the  two  limbs  apparently  closer 
together  by  the  difference  of  the  two  refractions.  The  form  of 
the  disc  is  therefore  affected  as  if  it  were  pressed  between  two 
forces,  one  acting  above  and  the  other  below,  tending  to  com- 
press its  vertical  diameter,  and  to  give  it  the  form  of  an 
ellipse,  the  lesser  axis  of  which  is  vertical  and  the  greater 
horizontal." 

The  dim  and  hazy  appearance  of  objects  in  the  horizon  is  not 
only  occasioned  by  the  rays  of  light  having  to  traverse  a  greater 
thickness  of  atmosphere  (because  their  direction  is  oblique),  but 
also  from  their  having  to  pass  through  the  lower  and  denser 
part.  "It  is  estimated  that  the  solar  light  is  diminished  1300 
times  in  passing  through  these  lower  strata,  and  we  arc  thereby 
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enabled  to  gaze  upon  the  Sun,  when  Betting,  without  being 
dazzled  by  his  beams."  Or,  as  Bouguer  put  it,  the  Sun's 
brilliancy  at  40""  above  the  horizon  is  1000  times  greater  than 
it  is  at  I^ 

*'  The  dilated  size  (generally)  of  the  Sun  or  Moon  when  seen 
near  the  horizon  beyond  what  they  appear  to  have  when  high 
up  in  the  sky,  has  nothing  to  do  with  refraction.  It  is  an 
illusion  of  the  judgment,  arising  from  the  terrestrial  objects 
interposed,  or  placed  in  close  comparison  with  them  ^  In  that 
situation  we  view  and  judge  of  them  as  we  do  of  terrestrial 
objects — in  detail,  and  with  an  acquired  habit  of  attention  to 
parts.  Aloft  we  have  no  associations  to  guide  us,  and  their 
insulation  in  the  expanse  of  the  sky  leads  us  rather  to  under- 
value than  to  over-rate  their  apparent  magnitudes.  Actual 
measurement  with  a  proper  instrument  corrects  our  error, 
without  however  dispelling  our  illusion.  By  this  we  learn 
that  the  Sun,  when  just  on  the  horizon,  subtends  at  our  eyes 
almost  exactly  the  same,  and  the  Moon  a  materially  le9s  angle 
than  when  seen  at  a  great  altitude  in  the  sky,  owing  to  its 
greater  distance  from  us  in  the  former  situation  as  compared 
with  the  latter '."  Guillemin  remarks  that  if  the  Moon,  when 
in  the  horizon,  be  looked  at  through  a  tube',  the  illusion  will 
disappear. 

Claudius  Ptolemy  was  the  first  who  remarked  that  a  ray  of 
light  proceeding  from  a  star  to  the  Earth  undergoes  a  change 
of  direction  in  passing  through  the  atmosphere  <^.  He  more- 
over stated  that  the  displacement  is  greatest  at  the  horizon, 
diminishes  as  the  altitude  increases,  and  finally  vanishes  altogether 


*  Thii  explanation  of  Sir  J.  Henchers 
has  been  dieputed,  but  its  general  correct* 
ncM  is  rendered  highly  probable  by  the 
fact  that  the  apparent  size  of  a  bidloon 
varies  in  precisely  the  same  way,  aooord- 
ing  as  it  is  high  up  in  the  air  or  near  the 
horizon.  See  some  remarks  by  Stroobant 
quoted  in  ObterrtUorfff  vol.  viii.  p.  130, 
April,  1885.  This  writer  thinks  that  the 
loss  of  brilliancy  suffered  by  the  Sun  and 


Moon  when  low  down  towards  the  horizon 
has  much  to  do  with  the  phenomenon, 
but  that  it  is  mainly  due  to  some  phyiio- 
logical  cause,  connected  with  the  direction 
of  vision,  which  is  worthy  of  further  and 
special  study. 

'  Sir  J.  Herschel,   OiUliwet  qf  AmL, 

P-  35- 
>  AImag,f  lib.  vti.  cap.  6. 
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at  the  zenith-  an  assertion  which  we  have  already  seen  to  be 
perfectly  correct.  In  the  \6^  century  Tycho  Brahe  also  inves- 
tigated the  subject  of  refraction ;  and  his  results,  though  by  no 
means  so  accurate  as  those  of  Ptolemy,  are  interesting  from  the 
fact  that  they  were  the  first  which  were  reduced  to  the  form  of 
a  Table.  Since  this  period  many  astronomers  have  devoted  their 
attention  to  the  matter,  and  the  Tables  now  in  most  general  use 
are  those  of  Bessel. 

Twilight. — ^This  is  another  phenomenon  depending  on  the 
agency  of  the  atmosphere  with  which  the  Earth  is  surrounded. 
It  is  due  partly  to  refraction  and  partly  to  reflection,  but  chiefly 
to  the  latter  cause.  After  sunset  the  Sun  still  continues  to 
illuminate  the  clouds  and  upper  strata  of  the  air,  just  as  it  may 
be  seen  shining  on  the  tops  of  hills  long  after  it  has  disappeared 
from  the  view  of  the  inhabitants  of  adjacent  plains.  The  air  and 
clouds  thus  illuminated  reflect  back  part  of  the  light  to  the 
surface  beneath  them,  and  thus  produce,  after  sunset  and  before 
sunrise,  in  a  degree  more  or  less  feeble  according  as  the  Sun  is 
more  or  less  depressed,  that  which  we  call  "  twilight."  Immedi- 
ately after  the  Sun  has  disappeared  below  the  horizon  all  the 
clouds  in  the  vicinity  are  so  highly  illuminated  as  to  be  able  to 
reflect  an  amount'of  light  but  little  inferior  to  the  direct  light  of 
the  Sun.  As  the  Sun,  however,  sinks  lower  aaid  lower,  less  and 
less  of  the  visible  atmosphere  receives  its  light,  and  consequently 
less  and  less  of  it  is  reflected  to  the  Earth's  surface  surrounding 
the  position  where  the  observer  is  stationed,  until  at  length, 
though  by  slow  degrees,  all  reflection  is  at  an  end,  and  night 
ensues.  The  same  thing  occurs  before  sunrise;  the  darkness  of 
night  gradually  giving  place  to  the  faint  light  of  dawn,  until 
the  Sun  appears  above  the  horizon  and  produces  the  full  light 
of  day. 

The  duration  of  twilight  is  usually  reckoned  to  last  until  the 
Sun's  depression  below  the  horizon  amounts  to  18^:  this, 
however,  varies:  in  the  Tropics  a  depression  of  16"  or  17°  is 
sufficient  to  put  an  end  to  the  phenomenon,  but  in  England  a 
depression  of  17*"  to  21    is  required.     The  duration  of  twilight 
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differs  in  different  latitudes ;  it  varies  also  in  the  same  latitude 
at  different  seasons  of  the  year,  and  depends  in  some  measure  on 
the  meteorological  condition  of  the  atmosphere.  Strictly  speak- 
ing, in  the  latitude  of  Greenwich  there  is  no  true  night  from 
May  22  to  July  21,  but  constant  twilight  from  sunset  to  sunrise. 
Twilight  Teaches  its  minimum  3  weeks  before  the  vernal  equinox 
and  3  weeks  after  the  autumnal  equinox,  when  its  duration  is 
i''  50".  At  midwinter  it  is  longer  by  about  17™,  but  the 
augmentation  is  frequently  not  perceptible,  owing  to  the  greater 
prevalence  of  clouds  and  haze  at  that  season  of  the  year,  which 
intercept  the  light  and  hinder  it  from  reaching  the  Earth.  The 
duration  is  least  at  the  equator  (1^  12™),  and  increases  as  we 
approach  the  Poles,  for  at  the  former  there  are  2  twilights  every 
24  hours,  but  at  the  latter  only  2  in  a  year,  each  lasting  about 
50  days.  At  the  North  Pole  the  Sun  is  below  the  horizon  for  6 
months  ^ ;  but  from  January  29  to  the  vernal  equinox,  and  from 
the  autumnal  equinox  to  Nov.  12,  the  Sun  is  le&s  than  18^  below 
the  horizon :  so  that  there  is  twilight  during  the  whole  of  these 
intervals,  and  thus  the  length  of  the  actual  night  is  reduced  to 
2\  months.  The  length  of  the  day  in  these  regions  is  about  6 
months,  during  the  whole  of  which  time  the  Sun  is  constantly 
above  the  horizon.  The  general  rule  is,  that  to  the  inhabitants  of 
an  oblique  sphere  the  twilight  is  longer  in  proportion  as  the  place  is 
nearer  the  elevated  pole^. 

Under  some  circumstances  a  secondary  twilight  may  be  noticed, 
"  consequent  on  a  re-reflection  of  the  rays  dispersed  through  the 
atmosphere  in  the  primary  one.  The  phenomenon  seen  in  the 
clear  atmosphere  of  the  Nubian  Desert,  described  by  travellers 
under  the  name  of  the  *  After-glow,*  would  seem  to  arise  from 
this  cause  ^." 

The  "Astronomical"  Twilight  is  that  Twilight  which  has 
reference  to  the  visibility  and  extinction  of  the  smaller  stars. 

**  This  is  not  quite  literally  6  months  An  abstract  of  it  is  given  in  the  InidL 

owing  to  the  operation  of  refraction.  Oh».y  vol.  vii.  p.  135,  March  1865. 

'  A  valuable  memoir  on  twilight,  by  ^  Sir  J.  Uenohel,    OntHnei  of  A$t,, 

»h  F.  J,  Hchmidt,  will  be  found  in  A»t.  p.  34. 
Xaeh.^  vol.  Iziii.  No.  1495,  Oct.  14,  1864. 
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The  following  is  a  table  of  its  duration  for  different  seasons  and 
latitudes : — 
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COMETS. 


CHAPTER    I. 


GENERAL  REMARKS. 


Comett  always  objects  of  popular  interest,  and  sometimes  qf  alarm.^Usnal  pheno- 
mena  attending  the  development  of  a  Comet, — Telescopic  Comets, — Cotmets 
diminish  in  hriUianey  at  each  return, — Period  of  revolution, — Density. — Mass, 
^LexelTs  Comet. — Gener€U  ii\fluence  of  Planets  on  Comets.— Special  influence 
of  Jupiter.— Comets  move  in  i  qf  $  kinds  of  orbits.— Element  pf  a  Comeths 
orbit. — For  a  parabolic  orbits  5  in  nuwher. — Direction  0/  motionj-^Eccem- 
tricitff  of  an  elliptic  orbit. — The  various  possible  sections  of  a  cone. — Earlff 
spectdations  as  to  the  paths  in  which  Comets  move. — Comets  visibie  in  the 
daytime. — Breaking  up  of  a  Comet  into  parts. — Instance  of  Biela^s  Comet.— 
Liaises  ohservaOons  of  Comet  Hi.  i860. — Comets  probablp  s^4uminous. — 
Existence  of  phases  doubtful. — Comets  with  Planetary  discs, — Phenomena 
connected  with  the  tails  of  Comets. — Usually  in  the  direction  qf  the  radius 
vector. — Secondary  Tails. —  Vibration  sometimes  noticed  in  tails. — Olberss 
hypoiheeis. — Transits  of  Comets  across  the  8un*s  disc. — Variation  in  the  appear'^ 
anee  of  Comets  exemplified  in  the  case  qf  that  of  1769. — Transits  qf  Comets 
across  (he  Sun, 


THE  heavenly  bodies  which  will*  now  come  under  our  notice 
are  amongst  the  most  interesting  with  which  the  astronomer 
has  to  deal.  Frequently  appearing  suddenly  in  the  nocturnal  sky, 
and  often  having  attached  to  them  tails  of  immense  size  and 
brilliancy,  comets  were  well  calculated  in  the  earlier  ages  of  the 
world  to  attract  the  attention  of  all,  and  to  excite  the  fear  of 
many.  It  is  the  unanimous  testimony  of  history,  during  a  period 
of  upwards  of  2000  years,  that  comets  were  always  considered  to 
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be  peculiarly  "  ominoim  of  the  wrath  of  Heaven,  aad  aa  harbingers 
of  wars  and  famines,  of  the  clethronement  of  monarchs,  and  the 
dissolution  of  empires,"  I  shall  hereafter  examine  this  question 
at  greater  length.  Suffice  it  for  me  here  to  quote  the  words  c 
the  Poet,  who  speaks  of — 

■'  A  Blwring  Star, 
Tlireabiiu  the  World  with  Funin.  Plkgiie,  and  Wu-; 
To  Princes,  death;   ta  Kiogdonui,  mftnj  Erocget; 
To  all  EsUtes,  JDeaitkble  Lones; 

To  Heard-meTi,  Rut;  To  Plough uicn,  haple»e  Beuune ; 
Tn  SiyloTB,  Storma ;  to  Cities,  ciuil  TreMOM  ■." 

However  little  attention  might  have  been  paid  by  the  ancients  * 
to  the  more  ordinary   phenomena  of  nature  (which,  however, 
were  very  well  looked  after),  yet  certain  it  is  that  comets  and 
total  eclipses  of  the   Sun  were  not  easily  forgotten  or  lightly 
passed  over;  hence  the  aspects  of  remarkable  comets  seen  in 
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olden  times  have  been  banded  down  to  us,  often  with  cii-cum- 
stantial  minuteness. 

A  comet  usually  consists  of  3  parts,  developed,  it  may  be, 
somewhat  in  the  following  manner  r — A  faintly  luminous  speck 
is  dLscovored  by  the  aid  of  a  good  telescope ;  the  size  increases 
gradually;  and  aftor  some  little  time  a  tiiiclcits  appears — that  is, 
a  part  which  is  more  condensed  in  it«  light  than  the  rest,  and  is 
sometimes  circular,  sometimes  oval,  and  sometimes  (but  very 

■   Dii  Bnrtii",  trHiu.  .1.  Sjlcerter,  ifill,  |J.  3,1. 
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rarely)  presents  a  radiated  appearance.    Arago  remarked  that 
this  nucleus  is  generally  eccentrically  placed  in  the  head,  lying 
towards  the  margin  nearest  the  Sun.    Eddie  noticed  that  the 
nucleus  of  Fabry's  comet  of  1886  was  of  a  ruddy  brown  colour**. 
Both  the  size  and  the  brilliancy  of  the  object  progressively 
increase;   the  coma^   or  doud-like   mass  around  the  nucleus, 
becomes  less  regular ;  and  a  tail  begins  to  form,  which  becomes 
fainter  as  it  recedes  from  the  body  of  the  comet.     This  tail 
increases  in  length  so  as  sometimes  to  spread  across  a  large 
portion  of  the  heavens ;  sometimes  there  are  more  tails  than  one, 
and  occasionally  the  tail  is  much  narrower  in  some  parts  than  in 
others.    The  comet  approaches  the  Sun  in  a  curvilinear  path, 
which  frequently  differs  but  little  from  a  right  line.    It  generally 
crosses  that  part  of  the  heavens  in  which  the  Sun  is  situated  so 
near  the  latter  body  as  to  be  lost  in  its  rays;  but  it  emerges 
again  on  the  other  side,  fi*equently  with  increased  brilliancy  and 
increased  length  of  tail.    The  phenomena  of  disappearance  are 
then  not  unlike  those  which  marked  the  original  appearance  but 
in  the  reverse  order. 

In  magnitude  and  brightness  comets  exhibit  great  diversity : 
at  rare  intervals  one  appears  which  is  so  bright  as  to  be  visible 
in  the  daytime ;  but  the  majority  are  quite  invisible  to  the  naked 
eye  and  need  more  or  less  optical  assistance.  These  latter  are 
usually  called  telescopic  comets.  The  appearance  of  the  same  comet 
at  different  periods  of  its  return  is  so  varying  that  we  can  never 
certainly  identify  a  given  comet  with  any  other  by  any  mere 
physical  peculiarity  of  size  or  shape  until  its  '* elements"  have 
been  calculated  and  compared.  It  is  now  known  that  *'  the  same 
comet  may,  at  successive  returns  to  our  system,  sometimes  appear 
tailed,  and  sometimes  without  a  tail,  according  to  its  position 
with  respect  to  the  Earth  and  the  Sun ;  and  there  is  reason  to 
believe  that  comets  in  general,  for  some  unknown  cause,  decrease 
in  splendour  in  each  successive  revolution  *^." 

Fig.  180  represents  the  comparative  diameters  of  the  heads  of  4 
well-known  comets  as  measured  on  particular  occasions.    The 

'•  Month.  Not,,  vol.  xlvi.  p.  456,  June  1886.  ^  Smyth,  Cyc/«,  vol.  i.  p.  235. 
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woodcut  is  drawn  to  scale,  but  it  must  not  be  inferred  that  there 
is  any  permanence  in  the  sizes  here  indicated. 

The  periods  of  comets  in  their  revolutions  vary  greatly,  as  also 
do  the  distances  to  which  they  recede  from  the  Sun.  Whilst  the 
orbit  of  Encke's  comet  is  contained  within  that  of  Jupiter,  the 
orbit  of  Halley's  extends  beyond  that  of  Neptune.  Some 
comets  indeed  proceed  to  a  much  greater  distance  than  this, 
whilst  others  are  supposed  to  move  in  curves  which  do  not,  like 
the  ellipse,  return  into  themselves.  In  this  case  they  never  come 
back  to  the  Sun.    These  orbits  are  either  parabolic  or  hyperbolic. 

The  density,  and  also  the  mass^  of  comets  is  exceedingly  small, 
and  their  tails  consist  of  matter  of  such  extreme  tenuity  that 
even  small  stars  are  visible  through  them — a  fact  first  recorded 
by  Seneca.  That  the  matter  of  comets  is  exceedingly  rare  is 
sufficiently  proved  by  the  fact  that  they  have  at  times  passed 
very  near  to  some  of  the  planets  without  disturbing  in  any 
appreciable  degree  the  motions  of  the  said  planets.  Thus  the 
comet  of  1770  (Lexell  s)  in  its  advance  towards  the  Sun,  became 
entangled  amongst  the  satellites  of  Jupiter,  and  i*emained  near 
them  for  4  months,  without  in  the  least  affecting  them  so  far  as 
we  know.  It  can  therefore  be  shown  that  this  comet's  mass 
could  not  have  been  so  much  as  3inj|^  that  of  the  Earth.  The 
same  comet  also  came  very  near  to  the  Earth  on  July  i — its 
distance  from  it  at  5^  on  that  day  being  about  1,400,000  miles — 
so  that  had  its  matter  been  equal  in  quantity  to  that  of  the  Earth 
it  would,  by  its  attraction,  have  caused  our  globe  to  move  in  an 
orbit  so  much  larger  than  it  does  at  present  that  it  would  have 
increased  the  length  of  the  year  by  2^  47°*,  yet  no  sensible 
alteration  took  place.  The  comet  of  837  remained  for  4  days 
within  3,700,000  miles  of  the  Earth  without  any  untoward  con- 
sequences. Very  little  argument,  therefore,  suffices  to  show  the 
absuidity  of  the  idea  of  any  danger  happening  to  our  planet  from 
the  advent  of  any  of  these  wandering  strangers.  Indeed,  instead 
of  comets  exercising  any  influence  on  the  motions  of  planets, 
there  is  the  most  conclusive  evidence  that  the  converse  is  the 
case — that  planets  influence   comets.     This  &ct  is  strikingly 
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exemplified  in  the  history  of  the  comet  of  1770,  just  mentioned. 
At  its  appearance  it  was  found  to  have  an  elliptical  orbit,  requir- 
ing for  a  complete  revolution  only  5I  years;  yet  although  this 
comet  was  a  large  and  bright  one,  it  had  never  been  observed 
before,  and  has  moreover  never  been  seen  since ;  the  reason  being 
that  the  influence  of  the  planet  Jupiter,  in  a. short  period,  com- 
pletely changed  the  character  of  its  path.  **Du  S^our  has 
proved  that  a  comet,  whose  mass  is  equal  to  that  of  the  Earth, 
which  would  pass  at  a  distance  of  37,500  miles  only,  would  extend 
the  length  of  the  year  to  367**  16^  5™,  and  could  alter  the  obliquity 
of  the  ecliptic  to  the  extent  of  2"*.  Notwithstanding  its  enormous 
mass  and  the  smallness  of  its  distance,  such  a  body  would  then 
pixxluce  upon  our  globe  only  one  kind  of  revolution, — that  of  the 
calendar  '*." 

Fig.  181  will  illustrate,  almost  without  the  necessity  of  any 
written  description,  the  influence  of  Jupiter  on  the  group  of 
periodical  comets  which  have  come  within  its  reach.  These 
comets,  arranged  in  the  order  of  their  aphelion  distances,  are  as 
follows : — 

Radii  of  Earth's  orbit. 
£ncke       ...         ...         ...         ...         ...         ...         ...         4'i 


Tempers  Second  (1873,  ii.) 
Tempers  First  (1867,  ii.) 

JUPITKB 

Tempel-Swift  (1869,  iii.) 

Brorsen     ...         

Winnecke 

D'Arrest 

Faye 

Biela  


4-7 

4*8 

4-9  *o  5-5 
51 

5-8 
5-9 

6.3 


And  it  is  probable  that  some  other  comets  ought  now  to  be  added 
to  this  list;  e.g.^  Finlay's  (1886,  vii.).  Wolfs  (1884,  iii.),  and 
Denning*s  (1881,  v.). 

A  comet  may  move  in  either  an  elliptic,  parabolic,  or  hyper- 
bolic orbit ;  but  for  reasons  with  which  mathematical  readers  are 
acquainted,  no  comet  can  be  periodical  which  does  not  follow  an 
elliptic  path.      In   consequence,   however,   of  the   compamtive 

<*  Arago,  Pop.  A»t,,  vol.  i.  p.  643,  Eng.  ed. 
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facility'  with  which  the  parahola  can  be  calculated,  astronomers 
are  in  the  habit  of  applying  that  curve  to  represent  first  of  all 
the  orbit  of  any  newly-discovered  body.  Parabolic  "elements" 
having  been  obtained,  a  search  is  then  made  through  a  catalogue 
of  comets,  to  see  whether  the  new  elements  bear  any  resemblance 


Fig.  iSi. 


^ 


to  those  of  any  object  which  has  been  previously  observed  ;  if  so, 
calculations  for  an  elliptic  orbit  are  undertaken,  and  a  period 
deduced. 

When  a  comet  is  discovered  the  first  question  asked  about  it 
by  the  amateur  astronomer  is,  "  When  and  where  can  we  see  it, 
and  bow  long  will  it  last?"  and  by  the  professional  astronomer, 

*  To  compate  elliptic  elementa  for  t,  yery  hard  work.  An  appioiimfttion  Dwy 
comet  or  ■  pluet  will  take,  even  ta  bowererbeoblunedbjagnpliiealprooeu 
ezperieooed  olcuUtor,  KTenl  daji  of      ■achMtIuitdesenbediiiChap.TI(pai4). 
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"  What  are  its  elements  ?  "  The  answer  to  be  given  to  the  first 
question  always  depends  upon  the  answer  given  to  the  last 
question.  To  the  majority  of  amateurs  these  elements  are  almost 
unintelligible,  and  even  to  adepts  they  often  convey  but  a  vague 
idea  of  the  true  form  and  position  of  the  orbit.  The  best  way  to 
realize  theii'  exact  import  is  by  making  a  model  ^, 

The  orbits  of  all  comets,  planets,  and  binary  stars  are  conic 
sections  whose  size,  form,  and  position  in  space  are  defined  by 
quantities  called  "elements,"  which,  for  bi'evity,  are  usually 
designated  by  the  following  symbols : — 

T  =  Moment  of  the  body's  Perihelion  Passage  or  nearest  ap- 
proach to  the  Sun  ^. 
A  =  Longitude  at  an  Epoch  given. 

TT  =  Longitude  of  the  Perihelion  or  the  longitude  of  the  body 
when  it  reaches  that  point.  Li  the  case  of  a  comet 
(or  planet),  this  is  measured  along  the  ecliptic  from  the 
vernal  equinox  to  the  comet's  ascending  node,  and  thence 
along  the  comet's  (or  planet's)  orbit  to  its  perihelion; 
in  the  case  of  the  Earth,  it  is  measured  along  the  ecliptic 
from  the  vernal  equinox  to  the  perihelion. 
3  =  Longitude  of  the  Ascending  Node  of  the  body's  orbit  as  seen 
from  the  Sun  (or  Primary) ;  measured  on  the  ecliptic,  from 
the  vernal  equinox  to  the  ascending  node  of  the  orbit, 
i  =  Inclination  of  the  plane  of  the  orbit  to  the  plane  of  the 

ecliptic. 
€  =  Eccentricity  of  the  orbit,  sometimes  giVen  in  parts  of 
radius  of  the  Earth's  orbit,  sometimes  in  seconds  of  arc, 
and  sometimes  as  an  angle,  ^.  Parts  of  radius  are  most 
convenient,  and  seconds  of  arc  may  be  reduced  to  that 
unit  by  dividing  them  by  206,265'^  When  <^  is  given, 
then  it  is  to  be  understood  that  c  =  sin.  ^. 

'  For  initruciioiii  how  to  do  this  see  '  In  the  ease  of  a  binary  star,  of  the 

an  article  by  Professor  Harkness  in  the  nearest  approach  of  the  companion  star 

Sidereal  Meeeengtr,  vol.  vi.  p.  339,  Dec.  to  the  principal  star,  in  such  case  called, 

18S7.    From  the  introduction  to  that  not  the  perihelion,  but  the  peri-aetron 

article  the  next  few  paragraphs  are  taken  passage, 
with  verbal  alterations. 

D  d   2 
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q  =  Perihelion  distance  of  the  body ;  expreaeed  in  toons  of 
the  mean  radius  of  the  Earth's  orbit  as  unity. 

For  a  parabolic  orbit  c  is  always  lo  (or  unity),  and  in  thai 
case  the  elements  are  frequently  given  by  stating  7,  •»,  8 ,  c,  and 
log.  q.    Here  v  has  been  replaced  by 

<»  =  T—  8,  (i) 

which  is  counted  on  the  comet's  orbit,  backward,  from  the  peri- 
helion to  the  ascending  node ;  and  the  perihelion  will  lie  on 
the  northern  or  southern  side  of  the  ecliptic  according  as  ot  is 
less  or  greater  than  1 8o^ 

As  V  and  Q  are  counted  from  the  vernal  equinox,  and  i  is 
measured  from  the  plane  of  the  ecliptic,  these  quantities  neces- 
sarily refer  to  a  particular  equinox,  and  this  is  always  specified 

It  was  long  customary  to  measure  longitudes  in  comets'  orbits 
in  the  direction  of  the  Earth's  motion,  to  limit  i  to  the  first 
quadrant,  and  to  specify  the  direction  of  the  comet's  motion, 
whether  direct  or  retrograde;  but  many  foreign  astronomers 
now  follow  Oauss  in  regarding  retrograde  motion  as  a  result  of  the 
inclination  passing  into  the  second  quadrant,  and  in  accordance 
with  that  view  they  measure  a  comet's  longitude  always  in  the 
direction  of  its  own  motion,  and  permit  i  to  take  any  value  between 
o^  and  1 8o^  The  circumstance  that  c  is  measured  at  the  ascending 
node  limits  its  range  to  the  first  and  second  quadrants,  for  if  it 
were  to  pass  into  the  third  or  fourth  quadrant  the  ascending  node 
would  be  converted  into  a  descending  one.  For  a  comet  having 
direct  motion  the  numerical  values  of  the  elements  are  the  same 
in  Gauss's  system  as  in  the  old  system,  but  for  a  comet  having 
retrograde  motion  they  are  different,  and  in  that  case,  if  their 
values  according  to  the  old  system  are  designated  by  a  subscript 
o,  the  equations  requisite  for  passing  from  the  old  to  the  Gaussian 
system  are : — 

i  =  i8o^-t^  o)  =  36o°-a>^=  -o)^ 

There  is  frequently  much  confusion  respecting  the  angles  m 
and  o),  and  it  is  important  to  have  a  clear  understanding  of  the 
relations  of  o)  to  ir  and  Q .    In  the  old  system  of  elements  tt  is 
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measured  from  the  vernal  equinox,  along  the  ecliptic  in  the 
direction  of  the  Earth's  motion,  to  the  ascending  node  of  the 
comet,  and  thence  along  the  comet's  orbit,  Mil  in  the  direction  of 
the  EartKe  motion^  to  the  comet's  perihelion.  In  Gauss's  system  ir 
is  measured  from  the  vernal  equinox,  along  the  ecliptic  in  the 
direction  of  the  earth's  motion,  to  the  ascending  node  of  the 
comet,  and  thence*  along  the  comet's  orbit,  in  the  direction  of  the 
comefe  motion^  to  the  comet*s  perihelion.  These  definitions  may 
perhaps  be  elucidated  by  the  following  statement.  Imagine  a 
perpendicular  to  the  plane  of  the  ecliptic,  erected  from  the  Sun. 
Then  to  an  observer  situated  North  of  the  ecliptic  in  that  perpen- 
dicular, the  motion  of  the  Earth  will  be  contrary  to  the  hands  of 
a  clock,  and  longitudes  in  the  Earth's  orbit  will  increase  in  that 
direction.  Now  consider  a  comet's  orbit;  imagine  a  perpen- 
dicular affixed  to  it  in  such  a  way  that  when  the  inclination  of 
the  orbit  to  the  plane  of  the  ecliptic  is  i,  the  inclination  of  the 
perpendicular  shall  be  (i  +  90""),  and  suppose  an  observer  so  situated 
in  the  perpendicular  that  when  i  =  o""  he  shall  be  North  of  the 
ecliptic.  Then,  according  to  the  old  system  of  elements,  for  all 
possible  values  of  i  the  observer  will  remain  North  of  the  ecliptic, 
and  the  motion  of  the  comet  will  appear  to  him  as  contrary  to 
the  hands  of  a  clock  when  direct^  and  with  the  hands  of  a  clock 
when  retrograde ;  but  according  to  Gauss's  system  he  will  be 
North  of  the  ecliptic  when  i  is  less  than  90'',  South  of  it  when  i  is 
greater  than  90"",  and  to  him  the  apparent  direction  of  the  comet's 
motion  will  always  be  contrary  to  the  hands  of  a  clock.  Which- 
ever system  is  adopted,  from  this  point  of  view  ir  will  always 
increase  contrary  to  the  clock,  and  to  find  the  intersection  of  the 
plane  of  the  comet's  orbit  with  the  plane  of  the  ecliptic,  or,  in 
other  words,  the  line  of  the  nodes,  he  must  set  off  a>  in  the 
direction  of  the  hands  of  a  clock,  from  the  perihelion  of  the 
orbit. 

The  motion  of  a  comet  is  said  to  be  "  direct "  (or  + )  when  it 
moves  in  the  order  of  the  signs  of  the  zodiac ;  and  "  retrograde  " 
(or  — )  when  it  moves  contrary  to  the  signs  of  the  zodiac. 

In  the  case  of  an  elliptic  orbit  given  q  and  c  we  can  ascertain 
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s  (a),  and  consequeDtly  the  periodic 


ihe  length  of  the  major  i 
time. 

Given  the  mean  daily  motion  (fi),  we  obtain  the  period  in  days 
by  dividing  1,396,000  (the  number  of  seconds  of  arc  in  a  circle) 
byji. 

Astronomers  are  accustomed  to  perform  all  tiiese  calculations 
by  logarithms  because  of  the  ease  and  convenience  of  doing  so. 
Be  it  remembered  that  the  eccentricity  is  not  the  linear  distance 
of  the  centre  of  the  ellipse  from 
^*"  '^''  either  focus,  but  the  ratio  of  that 

*.  quantity  to  the  semi-axis  mi^or. 

I  \  Up   to   the    present    time   the 

orbits  of  more  than  300  comets 
have  been  calculated  >■ :  a  Table 
of  these  will  be  given  hereafter. 

Fig.  182  represents  the  various 
possible  sections  of  a  right  cone, 
and  will  convey  a  better  idea  of 
the  orbits  of  comets  than  could 
be  given  by  description.  When  a 
right  cone  is  cut  at  right  angles 
to  its  axis,  the  resulting  section 
A  B  will  be  a  circle ;  no  comet, 
however,  revolves  in  a  circular 
or  even  nearly  circular  orbit. 
When  a  cone  is  cut  obUquely,  so  that  the  inclination  of  the 
cutting  plane  to  Uie  axis  of  the  cone  is  greater  tian  the  constant 
angle  formed  by  the  generating  line  of  the  cone  and  the  axis,  as 
C  D,  the  resulting  section  will  be  an  ellipse,  the  shape  of  which 
will  vary  from  almost  a  circle  on  the  one  hand  to  almost  a 
parabola  on  the  other  according  to  the  amount  of  the  obliquity. 

•>  GBim'i  Thtoria  Molat  CorporMm 
CmUtliuia,  4to.  Hunbnig,  1809,  wm 
long  reckoned  (ha  lUndknl  work  oa  the 
■ubject  of  orbiti,  but  it  bu  in  Kane 
degree  been  laperwided  bj  Oppulxer'n 
L^rbKrk  nr  BahnbtttimmKn;/  dfr 
KomeitH  mid  Planelen,  Jnd  ed,,  J  vnl«. 


STO.,Leipnc,  iSSi.  A  Pnnch  truulktion 
b;  «  Belgian,  M.  K.  Fuqnier,  wu  pub- 
liihed  kt  Pvia,  t8S6,  ncder  the  title  oT 
Tram  d»  U  d^tirrmimiiio*  dtt  orbiltt 
da  comittt  tt  dei  platiitet.  See  ftlm  n 
p«per  bj  Airy,  in  Memoirt  R.A.a.,  vol. 
n.  p.  181.   if<4o. 
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When  a  cone  is  cut  in  a  direction,  so  that  the  inclination  of  the 
cutting  plane  to  the  axis  of  the  cone  is  leu  than  the  constant 
angle  formed  by  the  generating  line  of  the  cone  and  the  axis,  as 
E  F,  the  resulting  section  will  be  a  hyperbola.  When  a  cone  is 
cut  in  a  direction  so  that  the  inclination  of  the  cutting  plane  to 
the  axis  of  the  cone  is  equal  to  the  constant  angle  formed  by  the 
generating  line  of  the  cone  and  the  axia,  as  Q  H,  the  resulting 
section  will  be  a  parabola. 

To  the  early  astronomers  the  motions  of  comets  gave  rise  to 
great  embarraasment.  Tycho  Brahe  thought  that  they  moved  in 
circular  orbits ;  Kepler,  on  the  other  hand,  suggested  right  lines. 
Hevelius  seems  to  have  been  the  first  to  remark  that  cometary 
orbits  were  much  curved  near  the  perihelion,  the  concavity  being 
towards  the  Sun.  He  also  throw  out  an  idea  relative  to  the 
parabola,  as  being  the  form  of  a  comet's  path,  though  it  does  not 
seem  to  have  occurred  to  him  that  the  Sun  was  hkely  to  be  the 
focus.  Borelli  suggested  an  ellipse  or  a  parabola.  Sir  William 
Lower  was  probably  the  first  to  hint  that  comets  Bometimea 
moved  in  very  eccentric  ellipses ;  this  he  did  in  his  letter  to  his 
"  especiall  goode  friend,  Mr.  Thomas  Harryot,"  dated  Feb.  6, 1610. 
Dbrfel,  a  native  of  Upper  Saxony,  was  the  first  practical  man ; 
he  showed  that  the  comet  of  1680  moved  in  a  parabolic  orbit. 
Sir  I.  Newton  also  gave  his  attention 
to  the  subject.  Confirming  Diirfel,  Sir 
Isaac  further  showed  that  the  motion 
of  the  comet  was  in  accordance  with 
the  general  Theory  of  Gravitation. 

History  informs  us  that  some  comets 
have  shone  with  such  splendour  as  to 
have  been  distinctly  seen  in  the  day- 
time. The  comets  of  b.c.  43,  a.d.  575  (?), 

IIO6,  140a  (i.).  1403  (ii.),  1472.  1532-   THE,-C0-B0I-,847,VISI1L. 

1 577. 1 6 1 « (ii.)'  1 744, 1  Hi  (»■).  1 847  0-).  at  kooi.  on  mxich  30. 

1 853  (iii.),  and  1 882  (i.)  are  the  prin-  (Wi«f.) 

cipal  ones  which  have  been  thus  observed. 

There  an.'  some  Well- established  instances  of  the  separation  of 
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a  comet  into  2  or  more  distinct  portions.  Seneca  tnentioDB, 
the  authoi'ity  of  Ephorus,  a  Greek  author,  that  the  comet 
y/i  B.C.  separated  into  3  parts  which  pursued  different  paths  ^ 
Seneca  seems  to  distrust  the  stat«m(>nt  he  repeats,  but  Kepler 
accepted  it  after  what  he  had  himself  seen  in  regard  to  the  great 
comet  of  1618.  In  the  ease  of  this  comet  Cyaatus  noticed  an 
evident  tendency  to  break  up.  When  first  seen  this  comet  was 
a  nebulous  object,  but  some  weeks  afterwards  it  appeared  to 
consist  of  a  group  of  several  small  nebulosities.  But  thi 
authenticated  instance  of  this  character  is  that  of  Biela's  comi 
in  1845-6.  When  first  detected,  on  November  a8,  it  presenl 
the  appearance  of  a  faint  nebulosity,  almost  circular,  with  a  slighl 


I  to 

oeat  ,—. 


I.  19,  1846.     {O.  StriTf.) 

condensation  towards  the  centre :  on  Dec.  1 9  it  appeared  some- 
what elongated,  and  by  the  end  of  the  month  the  comet  had 
actually  separated  into  two  distinct  nebulosities  which  travelled 
together  for  more  than  3  months :  the  maximum  distance  between 
the  parts  (157,240  miles)  was  attained  on  March  3,  1846,  after 
which  it  began  to  diminish  until  the  comet  was  lost  sight  of  in 
April.  At  its  return  in  1 853  the  separation  was  still  maintained, 
hut  the  interval  had  increased  to  1,250,000  miles.  As  we  shall 
have  to  speak  of  Biela's  comet  again  in  a  later  chapter  no  more 
need  be  said  about  it  here. 

I   Qvatl.   .Vol..  lib.  vii.  csp.    ifi.     But  ho  mjs  liowevct  of  the  writer  he  qiwteiri 
"  EpLorm  vero  non  en  relii^osiiwimte  lidoi ;  nepe  dodpitiir,  wepe  decijrit." 
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Biela's  comet  does  not  as  regards  its  duplicity  stand  alone 
amongst  modem  comets.  A  comet  seen  in  February  and  March 
i860,  only  by  M.  Liais  in  Brazil,  is  said  to  have  consisted  of  a 
principal  nebulosity  accompanied  at  a  short  distance  by  a  second 
nebulosity.  It  is  to  be  regretted  that  this  object  remained  visible 
for  so  short  a  time  as  a  fortnight,  and  that  our  knowledge  of  it 
depends  on  the  authority  of  but  one  observer,  and  he  a  French- 
man^. The  2nd' comet  of  1881  according  to  the  testimony  of 
2  observers  threw  off  a  fragment  which  became  virtually  an 
independent  comet,  and  lasted  as  such  for  some  days  until  all 
trace  of  it  was  lost  ^ 

The  question  whether  or  not  comets  are  self-luminous  seems 
now  satisfactorily  settled;  it  cannot  be  doubted  that  they  are 
self-luminous,  as  indeed  the  spectroscope  tells  us.  The  high 
magnifying  power  that  may  sometimes  be  brought  to  bear  on 
them  tends  to  show  that  they  shine  by  their  own  light.  Sir  W. 
Herschel  was  of  this  opinion  from  his  observations  of  the  comets 
of  1807  and  181 1  (L)™  It  is  manifest,  however,  that  if  the 
existence  of  phases  could  be  certainly  ^own,  this  would  furnish 
an  irrefragable  proof  that  the  comet  exhibiting  such  shone  by 
reflected  light.  It  has  been  asserted  from  time  to  time  that  such 
phases  have  been  seen,  but  none  of  the  statements  ever  made 
seem  to  deserve  attention.  Delambre  mentions  that  the  registers 
of  the  Royal  Observatory  at  Paris  exhibit  undoubted  evidence  of 
the  existence  of  phases  in  the  comet  of  1682 :  but  neither  Halley 
nor  any  other  astronomer  who  observed  this  comet  has  given  the 
slightest  intimation  that  any  phase-phenomena  were  visible. 
James  Cassini  mentions  the  existence  of  phases  in  the  comet  of 
1744*^;  on  the  other  hand,  Heinsius  and  Ch^ux,  who  paid 
particular  attention  to  this  comet,  positively  deny  having  seen 
anything  of  the  kind.  More  recently  Cacciatore,  of  Palermo, 
expressed  a  decided  conviction  that  he  had  seen  a  crescent  in  the 


^  AmL  Naek.,  vol.  lii.  No.  1248.  April  54a,  Aug.  11,  1881. 

14,  1 86a  "  Phil,  Trans,,  vol.  oii.  p.  115.    181  a. 

>  Bono,  Month,  Not.,  vol.  zlii.  p.  105,  "   M^.  Acad,  dei  Scumem,  1744,  p. 

Jan.  188a  :  Goald,  Nature,  vol.  xziv.  p.  303. 
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comet  of  1819.  Arago  sums  up  the  matter  by  saying  that  the 
observations  of  M.  Cacciatore  prove  only  that  the  nuclei  of  comets 
are  sometimes  very  irregular**.  Sir  W.  Herschel  states  that  ho 
could  see  no  signs  of  any  phases  in  the  comet  of  1807,  although 
he  fully  ascertained  that  a  portion  of  its  disc  was  not  illuminated 
by  the  Sun  at  the  time  of  observation  p.  The  general  opinion 
is  against  the  existence  of  phases,  and  thus  we  must  consider 
that  comets  shine  by  their  own  inherent  light ;  nevertheless  the 
observations  of  Airy  and  others  on  Donati's  comet  in  1858  point 
to  exactly  the  opposite  conclusion,  at  least  as  regards  the  tail  of 
that  comet  *i,  but  then  the  tails  of  comets  are  strange  ethereal 
structures,  and  if  we  know  little  about  the  heads  we  know  less 
still  about  the  tails.  Pons's  comet  of  1812  was  found  at  its 
return  in  1883  to  be  brighter  than  the  theory  of  its  orbit  led  one 
to  expect.  Niersten  suggested  that  this  fact  was  a  proof  that 
the  comet  in  question  was  endued  with  some  inherent  light  of  its 
own. 

Some  comets  have  been  observed  with  round  and  well-defined 
planetary  discs.  Seneca  relates  that  one  appeared  after  the  death 
of  Demetrius,  king  of  Syria,  but  little  inferior  to  the  Sun  [in 
size  ?]  ;  being  a  circle  of  red  fire,  sparkling  with  a  light  so  bright 
as  to  surmount  the  obscurity  of  night.  The  comet  of  1652,  seen 
by  Hevelius,  was  almost  as  large  as  the  Moon,  though  not  nearly 
so  bright.  The  comets  of  1665  and  1682  are  described  as  having 
been  as  well  defined  in  their  outlines  as  the  planet  Jupiter.  It 
will  be  remarked  that  all  these  instances  were  before  the  days 
of  good  telescopes.  I  am  not  aware  of  any  modern  observations 
to  the  same  efiect. 

There  are  several  curious  phenomena  connected  with  the  tails 
of  comets  which  require  notice.  It  was  observed  by  Peter 
Apian  that  the  trains  of  5  comets,  seen  by  him  between  the  years 
1531  and  1539,  were  turned /ro/a  the  Sun,  forming  more  or  less  a 
prolongation  of  the  radius  vector,  the  imaginary  line  joining  the 
Sun  and  the  comet ;  as  a  general  rule,  this  has  been  found  to  be 

**  P(»p.  Asf.,  vol.  i.  p.  627,  En^.  ed.  i'  PhiUTranx.^  vol.  xcviii.  p.  156.    1808. 

<i   Oreen,  Obn.^  1858,  p.  90. 
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the  case ',  although  exceptions  do  occur.  Thus  the  t&il  of  the 
comet  of  1577  deviated  21°  from  the  line  of  the  radius  vector. 
Vabs  has  stated  that  the  tails  of  comets  iv.  and  v.  of  1 863  deviated 
from  the  planet  of  the  orbite,  and  that  only  %  other  comets  are 
known  the  tails  of  which  did  the  same '.  In  some  few  instances, 
where  a  comet  has  had  more  than  one  tail,  the  2"^  has  extended 
more  or  less  totvarda  the  Sun  ;  this  was  the  ease  with  the  comets 
of  1843,  1851  (iv.),  1877  (ii.),  and  1880  (vii).  Although  comets 
usually  have  but  one  tail,  yet  2  is  by  no  means  an  uncommon 
number ;  and  indeed  the  great  comet  of  1 825  had  5  tails  (Dunlop). 

Fig.  1B5. 


and  that  of  1 744  as  many  as  6,  or  more  \  The  tails  of  many 
comets  are  curved,  so  as  to  resemble  in  appearance  a  s&bre ;  such 
was  the  case  with  the  comets  of  1 844  (iii.)>  and  1 858  (vi.),  amongst 
others.  The  comet  of  1769  had  a  double  curved  tail,  thus  'v< 
according  to  La  Nux,  who  observed  it  at  the  lale  of  Bourbon. 
The  great  comet  of  1882  exhibited  a  striking  and  uncommon 


«  or  M.  B.  BiM  ihew 
thftl  Uiii  fact  wM  noticed  bj  the  Chiane 
long  before  the  Ume  of  Apiui,  to  wit,  ia 
tjj.     CompUi  Seiulut,\tA.  ivi,  p.  7SI. 

■  Comptei  Bntdim.  vol.  Iviii.  p.  R5.1, 
1SIS4. 


*  Thii  gtstement  long  depended  on  the 
DnoanBrmed  authority  of  De  Cbeaaxu,  but 
it  ii  now  oertwn  that  Ibii  oomet  did  ei- 
hibitaoompletefkQofMpntetuli.  (See 
a  p»per  b;  Draysr.  with  an  anf^avlng  of 
the  tail*,  Copemieia,  vol.  iil  i8fl3.) 
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form  of  tail,  some  account  of  which  will  be  given  in  a  later 
chapter. 

Occasionally  a  comet  exhibits  besides  its  principal  tail  a 
secondary  one  usually  less  bright  and  shorter  than  the  main  tail. 
For  instance,  Fons's  long-period  comet  of  1 812  at  its  apparition 
in  1886  had  on  Dec.  29  a  primary  tail  8^  long  and  a  secondary 
one  very  faint  and  only  3''  long.  But  the  secondary  tail  is  not 
always  the  shorter  of  the  two.  Swift  noted  a  secondary  tail  in 
the  case  of  the  comet  ii.  of  1881,  which  was  some  55""  long,  the 
longest  secondary  tail  on  record  u. 

The  trains  of  some  great  comets  have  been  seen  to  vibrate  in 
a  manner  somewhat  similar  to  the  Aurora  Borealis.  The  tails 
of  the  comets  of  161 8  (ii.)  and  1769  may  be  cited  as  instances: 
the  observer  in  the  latter  case  was  Pingr^,  whose  great  knowledge 
of  comets  adds  weight  to  his  testimony.  The  vibrations  com- 
menced at  the  head,  and  appeared  to  traverse  the  whole  length 
of  the  comet  in  a  few  seconds.  It  was  long  supposed  that  the 
cause  was  connected  with  the  nature  of  the  comet  itself,  but 
Olbers  has  pointed  out  that  such  appearances  could  only  be  fairly 
attributed  to  the  effects  of  our  own  atmosphere,  for  this  reason : — 
''  The  various  portions  of  the  tail  of  a  large  comet  must  often  be 
situated  at  widely  different  distances  from  the  Earth ;  so  that  it 
will  frequently  happen  that  the  light  would  require  several 
minutes  longer  to  reach  us  from  the  extremity  of  the  tail  than 
from  the  end  near  the  nucleus.  Hence,  if  the  coruscations  were 
caused  by  some  electrical  emanation  from  the  head  of  the  comet, 
even  if  it  occupied  but  one  second  in  passing  over  the  whole  surface, 
several  minutes  must  necessarily  elapse  before  we  could  see  it 
reach  the  tail.  This  is  contrary  to  observation  ^,  the  pulsations 
being  almost  instantaneous."  Instances  of  this  phenomenon  are 
not  very  common.  The  most  recent  case  is  that  of  Coggia's 
comet  of  1874.  An  English  observer  at  Hereford  named  With 
noticed  an  "oscillatory  motion  of  the  fan-shaped  jet  upon 
the  nucleus  as  a  centre  which  occurred  at  intervals  of  from 

»  Work  of  Warner  OheervaJtory,  vol.  »  M6m.  Acad,  de*  Sciences,  1775,  p. 

i.  p.  aa.  302. 


Chap.  I.] 


General  Bemarks. 


413 


3  to  8  sees.  The  fan  Beemed  to  '  tilt  over '  from  the  preceding  to 
the  following  side,  and  then  appeared  sharply  defined  and  fibrous  in 
structure,  then  it  became  nebulous,  and  all  appearance  of  structure 
vanished  3^."  A  flickering  of  the  tail  of  this  comet  was  observed 
also  by  Newall ". 

Eespecting  the  physical  constitution  of  the  tails  of  comets  it 
may  be  said  that  probably  in  many  cases  they  are  hollow  cones. 
This  theory  would  accord  with  the  observed  fact  that  single 
tails  usually  increase  in  width  towards  their  extremities  and  are 
divided  in  the  middle  by  a  dark  band,  the  brilliancy  of  the 
margins  exceeding  that  of  the  more  central  portions.  Similarly, 
comets  with  tails  of  tolerably  uniform  width  throughout  may  be 
regarded  as  hollow  cylinders  ■. 

The  following  is  an  excellent  instance  of  the  ever-changing 
appearance  of  comets;  it  relates  to  that  of  1769.  On  Aug.  8, 
Messier,  whilst  exploring  with  a  2-foot  telescope,  perceived  a 
round  nebulous  body,  which  turned  out  to  be  a  comet.  On  the 
15th  the  tail  became  visible  to  the  naked  eye,  and  appeared  to  be 
about  6°  in  length ;  on  the  28th  it  measured  15"*;  on  Sept.  2,  36""; 
on  the  6th,  49"^;  and  on  the  loth,  60"".  The  comet  having  now 
plunged  into  the  Sun's  rays,  ceased  to  be  visible.  On  Oct.  8,  the 
perihelion  passage  took  place ;  on  the  24th  of  the  same  month  it 
reappeared,  but  with  a  tail  only  2''  long;  on  Nov.  i  the  tail 
measured  6"" ;  on  the  8th  it  was  only  2^"" ;  on  the  3oih  it  was  li"" : 
the  comet  then  disappeared. 

Transits  of  comets  across  the  Sun  no  doubt  occasionally  happen, 
but  only  one  Ruch  spectacle  has  ever  been  witnessed,  and  even 
then  the  nature  of  the  sight  was  not  understood  till  afterwards. 
The  German  Sun-spot  observer,  Pastorff,  noticed  on  June  26, 
1819,  a  round  dark  nebulous  spot  on  the  Sun ;  it  had  a  bright 


^  Att.  Reg.y  vol.  xiv.  p.  13.  Jan.  1876. 

■  Month,  Not.,  vol.  xxxvi.  p.  279. 
March  1876. 

*  ThiB  work  is  a  record  of  facto  rather 
than  of  theories,  and  U  too  bulky  already. 
Otherwise  I  might  have  given  it  a  great 
expansion  by  embarking  on  a  review  of 
some  of  the  chief  theoriea  which  have 


been  broached  respecting  Cometo.  For 
some  particolars  as  to  these  see  a  paper 
by  Huggins,  Proc,  Roy,  Inti,,  vol.  x.  p.  8, 
1883 ;  a  paper  by  Bredichin,  BemarqueM 
giniraUt  tur  let  queue*  dee  eonUlee; 
also  an  article  by  Ranyard  in  Aet,  Beg., 
vol.  xxl.  p.  58,  Biaroh  1883. 
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point  in  its  centre.  Subsequently  when  the  orbit  of  comet  ii., 
1819  came  to  be  investigated,  Olbers  pointed  out  that  the  comet 
must  have  been  projected  on  the  Sun's  disc  between  $^  and  9^  a.m. 
Bremen  M.T.  Pastorff  asserted  that  his  '*  round  nebulous  spot  '* 
was  the  comet.  Olbers,  and  with  him  Schumacher,  disputed  the 
claim,  and  the  matter  seems  not  free  from  doubt  ^.  Comet  v. 
of  1826  was  calculated  to  cross  the  Sun  on  Nov.  18,  1826,  but 
owing  to  the  general  prevalence  of  bad  weather  in  Europe,  only 
2  observers  were  fortunate  enough  to  be  able  to  see  the  Sun 
on  that  day,  and  neither  of  them  could  obtain  a  glimpse  of  the 
comet. 

Sir  J.  Herschel  once  watched  Biela  s  comet  pass  in  front  of  a 
cluster  of  stars,  but  no  obliterating  effect  was  noticed,  the 
several  stars  being  aU  clearly  visible  through  the  comet's  ethereal 
body. 

*>  For  Bome  fortlier  particalan  as  to  Month.  Not.yYol.  xxxvi.  p.  309,  May  1876. 

thii  oontroveny  see  Webb's  CeUst.  OhJ.,  Hind  seems  to  have  tlie  idea  of  there 

4th  ed.,  p.  40,  where  there  is  also  a  fa<^  being  either  error  or  fraud  involved  in 

simUe  of  Pastarffs  original  sketch.    See  Pastorff's  narrative, 
also  an  important   paper    by  Hind  in 
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CHAPTER    II. 


PERIODIC  COMETS*. 


Periodic  Comets  conveniently  divided  into  three  classes. — Comets  in  Class  I. — Enek^s 
Comet, — I%e  resisting  medium. — Table  of  periods  of  revolution, — TemptTs 
second  Comet. — Winnecke's  Comet. — Brorsen's  Comet. — TempeVs  First  Comet. — 
Swiff sComet.^Bamard's  Comet.— D'Arresfs  Comet. —Finlaifs  Comet.— Wolfs 
Comet. — Faye*s  Comet. — Denning's  Comet. — Mechain^s  Comet  of  1790. — Now 
known  as  TuttWs  Comet. —Biela's  Comet. -^Di  Vico's  Comet  of  1S44.— List  of 
Comets  presumed  to  be  of  short  periods  hut  only  ones  observed. — Comets  in 
Class  Il.—Westphal's  Comet. --Pons" s  Comet  of  181  a.— Di  Vico's  Comet  of 
1846. — Olberis  Comet  0^1815. — Brorsen^s  Comet  of  1847. — ffalley's  Comet. — 
Of  special  interest. — Risumi  of  HaUey*s  labours. — Its  return  in  1759. — Its 
return  in  1835. — ^^'  history  prior  to  1531  traced  by  Hind. — Comets  in  Class  III 
not  requiring  detailed  notice. 

THE  comets  which  I  propose  to  treat  of  in  the  present  chapter 
may  be  conveniently  divided  into  3  classes : — 

1.  Comets  of  short  periods. 

2.  Comets  revolving  in  about  70  years. 

3.  Comets  of  long  periods. 

The  following  are  the  comets  belonging  to  Class  I,  with  which 
we  are  best  acquainted : — 


Name. 

Period. 

Next  Return. 

Yean. 

I.  £ncke*8 

329 

1891  Oct. 

3.  Tempers  Second  (1873,  ii. 

.S-I5 

1894  Feb. 

3.  Winnecke's    

5-54 

1891  Dec. 

4.  Broraen*8        

5-58 

1890  April 

5.  Tempel's  First  (1867,  ii.)     

598 

1 891  April 

6.  Swift's  (1880,  V.) 

6.00 

189a  Oct. 

7.  Barnard's  (1884,  ii.)             

+  6 

1890 

8.  D'Arrest's     

6.64 

1890  Sept. 

9.  Finlay's 

667 

1893 

10.  Wolfs  (1884,  iii.) 

676 

1 891  Aug. 

11.  Faye's    

7-44 
8.86 

1895  Dec. 

12.  Denning*8 

1890  Jaly 

13.  Tuttle's 

13-66 

1899  MarcH 

*  If  it  should  be  suggested  that  I  have       Periodic  Cometf,  I    would    answer  by 
given    too    much    space    here    to    the      way  of  excuse  that  they  are,  historically 
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Encke's  Comet. 

No.  I  is  by  far  the  most  interesting  comet  in  the  list,  and  I 
shall  therefore  review  its  history  somewhat  in  detail. 

On  Jan.  17,  1786,  M^chain,  at  Paris,  discovered  a  small  tele- 
scopic comet  near  the  star  p  in  the  constellation  Aquarius.  On 
the  following  day  he  announced  his  discovery  to  Messier,  who, 
owing  to  unfavourable  weather,  did  not  see  it  till  the  19th,  on 
which  night  it  was  also  observed  by  J.  D.  Cassini,  Jun.,  and  the 
original  discoverer.  It  was  tolerably  large  and  well-defined,  and 
had  a  bright  nucleus,  but  no  talL 

On  Nov.  7,  1795,  Miss  Caroline  Herschel,  sister  of  Sir  W. 
Herschel,  discovered  a  small  comet,  about  5^  in  diameter,  without 
a  nucleus,  but  yet  having  a  slight  central  condensation  of  light. 
Olbers  observed  it  on  Nov.  ai,  when  it  was  too  faint  to  allow  of 
the  field  being  illuminated,  and  he  was  obliged  to  compare  it  with 
stars  in  the  same  parallel  by  noting  the  times  of  transit  across 
the  field  of  view.  It  was  round,  badly  defined,  and  about  3'  in 
diameter.  The  orbit  greatly  perplexed  the  calculator,  and  Pros- 
perin  declared  that  no  parabola  would  satisfy  the  observations. 

On  Oct.  19,  1805,  Thulis,  at  Marseilles,  discovered  a  small 
comet,  which  was  faintly  visible  to  the  naked  eye.  Huth  stated 
that  on  the  20th  it  was  very  bright  in  the  centre,  though  without 
a  nucleus,  and  4'  or  5^  in  diameter.  On  Nov.  i  the  same 
observer  saw  a  tail  3**  long.  Several  parabolic  orbits  were 
calculated,  and  one  elliptic  one  by  Encke,  to  which  a  period  of 
12*127  years  was  assigned. 

On  Nov.  26,  1 8 18,  the  indefatigable  Pons,  of  Marseilles,  dis- 
covered a  telescopic  comet  in  Pegasus,  which  was  very  small  and 
ill-defiiied.  As  it  remained  visible  for  nearly  7  weeks,  or  till 
Jan.  12,  18 19,  a  rather  long  series  of  observations  was  obtained ; 
and  Encke,  finding  that  under  no  circumstances  whatever  would 


and  physically,  very  interesting  objects ;  Earth ;  and  that,  oonieqnently,  they  are 

that  scarcely  a  year  ever  passes  that  objects  which  furnish  many  instructive 

some  of  them  do  not  return  to  the  Sun  chances  to  the  class  of  students  for  whom 

and  therefore  to  visibility  as  regards  the  this  work  is  mainly  intended. 
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a  parabolic  orbit  fairly  represent  them,  determined  rigorously  to 
investigate  the  elements  according  to  the  method  of  Qauss,  then 
bat  little  practised.  Having  done  this,  he  found  that  the  true 
form  of  the  orbit  was  elliptical,  and  that  it  had  a  period  of  about 
3^  years.  On  looking  over  a  catalogue  of  all  the  comets  then 
known,  he  was  struck  with  the  similarity  which  the  elements 
obtained  by  him  bore  to  those  of  the  comets  of  1786  (i.),  1795,  and 
1805,  and  he  was  strongly  impressed  with  the  idea  that  the  comet 
whose  movements  were  then  under  investigation  was  identical 
with  those  comets,  more  particularly  as,  on  the  assumption  of 
a  3i-year  period,  it  might  be  expected  to  have  been  in  perihelion 
at  about  those  epochs.  This  question  could  only  be  settled  by 
calculating  backwards  the  effects  of  planetary  perturbation, 
which  Encke  by  an  extraordinary  effort  did  in  6  weeks.  He  was 
accordingly  able  to  assure  himself  of  the  identity  of  the  comet  of 
181 8  with  the  3  above-mentioned  ones,  and  also  that  between 
1786  and  181 8  it  had  passed  through  perihelion  7  times  without 
being  seen. 

Encke  then  proceeded  to  calculate  its  next  return,  and  he  an- 
nounced that  the  comet  would  arrive  at  perihelion  on  May  24, 
1822,  after  being  retarded  about  9  days  by  the  influence  of  the 
planet  Jupiter. 

'*  So  completely  were  these  calculations  fulfilled,  that  astrono- 
mers universally  attached  the  name  of  *  Encke '  to  the  comet  of 
1 819,  not  only  as  an  acknowledgment  of  his  diligence  and  success 
in  the  performance  of  some  of  the  most  intricate  and  laborious 
computations  that  occur  in  practical  astronomy,  but  also  to  mark 
the  epoch  of  the  first  detection  of  a  comet  of  short  period — one  of 
no  ordinary  importance  in  this  department  of  science." 

It  unfortunately  happened  that  at  its  return  in  1822  the 
position  of  the  comet  in  the  heavens  was  such  as  to  render  it 
invisible  in  the  Northern  hemisphere.  It  was  therefore  systema- 
tically watched  by  only  one  observer,  M.  Riimker,  who  discovered 
it  on  June  2,  at  the  private  observatory  of  Sir  T.  M.  Brisbane,  at 
Paramatta,  New  South  Wales,  and  he  was  able  to  follow  it  for 
only  3  weeks.    Rumker*s   observations  were,  however,  so  far 
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valuable,  that  besides  showing  that  the  comet  actually  did 
come  back,  they  furnished  Encke  with  the  meims  of  predicting 
with  greater  ceiiainty  ita  next  return,  which  he  found  would 
occur  on  Sept.  16,  1825. 

On  this  occasion  it  was  firet  Been  by  Valz,  on  July  13,  but  was 
discovered  independently  by  more  than  one  other  astronomer. 
Cacciatore,  of  Palermo,  described  it  as  being  round,  with  a  faint 
nebulosity,  and  about  1"  30'  in  diameter. 

The  next  return  to  perihelion  took  place  on  Jan.  9,  1829. 
Struve,  at  Dorpat,  found  it  on  Oct,  13,  1828:  Harding,  at 
Qottingen,  and  Gambart,  at  Marseilles,  both  saw  it  for  the  Srsb 


30,  181S.      {W.  UtTMtt.) 


time  on  the  same  day,  Oct.  27,  the  former  having  been  on  the 
look-out  since  Aug.  19,  and  it  was  very  generally  observed  till 
the  end  of  December  in  the  same  year.  On  Nov.  30  it  was 
visible  to  the  naked  eye  as  a  star  of  the  6"'  magnitude,  and  a 
week  afterwards  it  had  become  as  bright  as  a  star  of  the  5"' 
magnitude.  The  outline  of  the  coma  was  slightly  oval,  with 
the  minor  axis  (on  one  occasion  at  least)  pointing  towards  the 
Sun/ 

The  4th  of  May.  183a,  was  calculated  as  the  epoch  of  the  next 
perihelion  passage.  The  comet  was  discovered  by  Mossotti,  at 
Buenos  Ayros,  on  June  i,  and  by  Henderson,  at  the  Capo  of 
Good  Hope,  on  the  following  night.  Hai'ding,  at  Guttingen,  who 
saw  it  on  Aug.  2t,  was  the  only  European  olserver  who  caught 
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a  glimpse  of  it,  owing  to  its  path  lying  chiefly  in  the  Southern 
heavens. 

The  next  return  to  perihelion  was  fixed  for  Aug.  36,  1835. 
The  comet  was  seen  both  in  Europe  and  at  the  Cape  of  Good 
Hope. 

Dec.  9,  1838,  was  the  epoch  of  the  next  perihelion  passage; 
and  as  the  comet's  apparent  path  would  be  such  as  to  allow 
observations  to  be  made  in  Europe  under  very  favourable  con- 
ditions, it  was  looked  for  with  much  interest.  Boguslawski  dis- 
covered it  on  Aug.  14;  but  Qalle,  at  Berlin,  did  not  see  it  till 
Sept.  1 6 ;  and  it  was  not  generally  seen  till  the  middle  of  October. 
At  about  the  end  of  the  first  week  in  November  it  was  visible  to 
the  naked  eye  in  Draco ;  with  a  telescope  a  rather  bright  nucleus 
was  seen,  and  the  general  form  of  the  coma  was  that  of  a  broad 
parabola. 

The  account  of  this  return  would  be  incomplete  were  I  not 
to  refer  to  a  peculiarity  connected  with  the  comet's  motion,  which, 
though  it  attracted  Encke's  attention  as  far  back  as  1818,  may  be 
said  not  to  have  been  brought  into  special  prominence  till  the 
return  of  1838.  He  found  that,  notwithstanding  every  allowance 
being  made  for  planetary  influences,  the  comet  always  attained 
its  perihelion  distance  about  2\  hours  sooner  than  his  calculations 
led  him  to  expect.  In  order  to  account  for  this  gradual  diminu- 
tion of  the  period  of  revolution,  which  in  1789  was  nearly 
1213^,  but  in  1838  was  scarcely  121  ij'^^,  Encke  conjectured 
the  existence  of  a  thin  ethereal  medium,  sufficiently  dense  to 
produce  an  efiect  on  a  body  of  such  extreme  tenuity  as  the 
comet  in  question,  but  incapable  of  exercising  any  sensible 
influence  on  the  movements  of  the  planets.  '*  This  contraction  of 
the  orbit  must  be  continually  progressing,  if  we  suppose  the 
existence  of  such  a  medium ;  and  we  are  naturally  led  to  inquire, 
What  will  be  the  final  consequence  of  this  resistance  ?  Though 
the  catastrophe  may  be  averted  for  many  ages  by  the  powerful 
attraction  of  the  larger  planets,  especially  Jupiter,  will  not  the 
comet  be  at  last  precipitated  on  the  Sun  ?  The  question  is  full 
of  interest,  though  altogether  open  to  conjecture." 

E  e  2 
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The  following  table,  published  by  Encke  **,  will  more  clearly 
illustrate  the  changes  in  the  comet's  periodic  time : — 


Year  of  PP.                             J 

Period,  Dai's 

1786     

• 

(1789) 

iaia'79 

O792) 

iai2'67 

1795     

iai2-55 

(1799)  

.    1313*44 

(i8oa) 

iii3-33 

1805 

1313-33 

(1S09) 

1313*10 

(1813) 

I  31  3*00 

(1815) 

.    I3II89 

1819    

.    I3II78 

i8aa    

.    1311*66 

Year  of  PP. 

Period,  Days. 

1835 

"11*55 

1839 

"11*44 

1833 

1311*33 

1835 

..    13X1*33 

1838 

I3II*II 

1843 

1310*98 

1845 

13IO*88 

1848 

I3IO*77 

1853 

1310*65 

1855 

"IO55 

1858 

i3iO'44 

The  propriety  of  this  explanation  of  a  resisting  medium  has 
been  warmly  canvassed  at  different  times,  and  it  cannot  be  said 
yet  to  command  universal  assent.  One  strong  point  against  it  is, 
that,  with  the  exception  jo^r^flj?*  of  Winnecke's,  none  of  the  other 
short-period  comets  (all  of  them  of  small  size  and,  presumably, 
unimportant  mass)  yield  any  indications  that  they  experience  a 
like  influence  ^  On  the  other  hand.  Von  Asten,  who  worked  at 
the  problem  with  great  perseverance,  thought  there  ought  to  be 
no  hesitation  in  accepting  the  idea,  subject  to  the  limitation  that 
the  medium  does  not  extend  beyond  the  orbit  of  Mercury. 

The  1838  return  is  also  noticeable  for  an  important  discovery 
in  physical  astronomy  which  it,  indirectly,  was  the  cause  of 
evolving.  In  Aug.  1835  the  comet  passed  very  near  the  planet 
Mercury — so  near,  in  fact,  that  Encke  showed  that  if  Laplace's 
value  of  Mercury's  mass  were  correct,  the  planet's  attractive 
power  would  diminish  the  comet's  geocentric  R.A.  on  Nov.  2, 
1838,  by  58',  and  increase  its  Declination  by  17'.  As  the  obser- 
vations indicated  no  such  disturbance  of  the  comet's  orbit,  it  was 
obvious  that  the  received  mass  of  the  planet  was  far  too  great, 
and  a  much  lower  value  has  since  been  adopted^. 

^  Month,  Not.,  vol.  ziz.  p.  70.  Dec.  in  Month,  Not.,  vol.  xxziii.  p.  339.  Feb. 
1858.  1873. 

^  Set  a  notice  of  a  paper  by  A.  Hall  '  In  Hind's  Comets,  p.  65  tt  seq.,  the 
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Passing  over  the  retams  of  1842  and  1845,  as  offering  no 
features  of  particular  interest,  we  find  that  in  1848,  on  Sept.  24, 
the  diajneter  of  the  comet's  head  was  8',  and  that  it  was  just 
visible  to  the  naked  eye  on  Oct.  6,  and  for  some  weeks  sub- 
sequently. Early  in  November  it  had  a  tail  about  i""  long, 
turned  from  the  Sun,  and  another  and  smaller  one  directed 
tawardi  that  luminary.  On  Nov.  22,  at  midnight,  the  comet  was 
distant  but  3,600,000  miles  from  Mercury.  The  frontispiece  to 
this  volume  will  convey  a  good  idea  of  the  appearance  of  the 
comet  at  this  apparition. 

Passing  over  also  the  returns  of  1852,  1855,  and  1858,  we 
arrive  at  that  of  1862,  the  17^  on  record.  The  passage  through 
the  perihelion  took  place  on  Feb.  6,  but  the  comet  was  discovered 
by  Forster,  at  Berlin,  as  early  as  Sept.  28^  i86i.  It  was  then 
very  faint,  and  difficult  of  observation.  The  same  character 
applies  to  the  return  of  1865,  which  was  observed  only  in  the 
Southern  hemisphere.  In  1868  the  comet  was  unfavourably 
placed  and  was  seen  by  only  a  few  observers. 

In  1 87 1,  on  the  other  hand,  the  comet  was  well  seen  and 
numerous  observations  of  it  were  made.  For  a  day  or  two  in 
November,  it  was  within  the  reach  of  telescopes  of  small  dimen- 
sions. Some  physical  peculiarities  were  noted  at  this  apparition 
which  deserve  mention.  When  first  discovered  in  August,  the 
comet  was  a  nearly  round  ajid  faint  nebulosity,  without  apparent 
condensation  in  ajiy  part.  By  the  beginning  of  November,  it 
had  acquired  a  remarkable  fan  -  like  form,  but  the  precise 
character  of  the  exterior  outline  differed  a  good  deal  according 
to  the  power  of  the  telescope  employed. 

Mr.  Carpenter  said*: — 

**  I  WM  able  to  make  out  a  ooiiBiderable  eztennon  of  the  illiiminatioii  beyond  the 
bright  ian-ihaped  condenBation,  but  on  one  side  (the  ipreading  dde)  only.  On  the 
opposite  tide  thii  diffmed  illamination  appeared  to  be  cat  off  nearly  in  a  straight  line 
immediately  behind  (following)  the  apex  of  the  (an.** 


general  principles  upon  which  these  in-       astronomer  is  noted  in  the  treatment  of 

qniries  are  conducted  are  laid  down  with      difficult  matters. 

Uiat  clearness  of  language  for  which  that  *  Montk,Not.,  vd.xxzii.  p.  36.  Nov.  1 87 1 . 
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The  Rev.  H.  C.  Key,  speaking  in  the  firat  instance  of  what  b/ 
saw  on  December  3,  eaid ' : — 

"  The  tr&in  rnllowing  tlie  comet  was  quite  broad  in  mj  teUscope,  amd  Oould  not  be 
termed  n  'ray.'  You  will  obeerve  two  raja  on  the  preceding  side  ;  theie  I  have 
drawn  as  jou  see,  but  I  am  not  perfectly  certain  that  the  effect  was  not  in  uiy  own 
eye  and  not  a  re&lity.    I  took  every  precaution  to  Und  out ;  and  at  the  time   aa  well 


(J.  Carpinf,!-.. 

ai  now)  felt  pretty  well  convineed  that  it  was  no  illueion.  Four  or  five  timei  I  left 
the  t«leacope,  and  upon  retnming  there  were  the  rajs  in  eiactly  the  eame  spot  and 
direction.  I  feel  pretty  confident  of  their  reality  ^they  were  eitremely  fBint\  but,  a* 
I  «ay,  am  not  quite  cerUun,  as  I  aometimeB  see  dark  lines  in  the  field  when  fitrt 
going  to  the  telescope.  The  comet  never  seemed  to  me  to  loae  its  elliptical  form 
bum  the  first  night  I  saw  it,  Oct.  lolh.     I  detected  a  nuclcos  fur  the  Ent  tJ 

'  Unnlh.  Not.,  vol.  xixii.  p.  »ij.     March  1871. 
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Nov.  7th.  The  train  I  mentioned  before  waa  much  fidnter  than  the  main  body  of 
the  comet,  and  I  waa  able  to  trace  it  to  a  distance  of  about  3a'  firom  the  nadeai.  I 
taw  nothing  like  the  drawing  of  the  comet  made  at  Greenwich." 

The  return  of  1871  was  also  important  by  reason  of  the  fact 
that  it  was  foand  not  to  have  been  accelerated,  in  accordance 
with  the  Resisting  Medium  theory,  as  all  previous  returns  had 
been.  Von  Asten's  conjecture  as  to  this  is  that  in  1869  the 
comet  might  have  come  into  collision  with  some  unknown  minor 
planet  which  violently  deranged  its  orbit  and  modified  the  orbit 
in  some  degree^. 

Encke's  comet  returned  to  perihelion  again  in  April  1875,  but 
no  observations  were  made  calling  for  notice. 

In  1878  the  comet  was  best  seen  in  the  Southern  hemisphere. 
Its  diameter  on  August  10  was  about  2\  and  it  resembled 
generally  a  star  of  the  8^  magnitude,  according  to  the  account 
given  by  Qould.  In  the  Northern  hemisphere  it  was  observed 
with  extreme  difficulty  by  Winnecke  at  Strasburg  on  Aug.  20 
and  by  Tempel  at  Arcetri  on  Aug.  21.  O.  Struve,  even  with  the 
great  15-inch  refractor  at  his  command,  did  not  catch  sight  of  it 
till  Aug.  24. 

In  1881  the  comet  passed  through  perihelion  on  Nov.  18.  It 
was  noted  by  Common,  using  a  3-ft.  reflector,  as  about  2'  in 
diameter,  very  faint,  and  with  slight  indications  of  an  increased 
brightness  in  the  centre.  Tacchini  found  the  spectrum  to  exhibie 
bi-ight  bands  in  the  yellow,  green,  and  blue  respectively,  coin- 
ciding with  the  3  principal  bands  seen  in  the  spectra  of  the 
hydro-carbons.  As  in  some  other  comets^  the  bands  were  shaded 
oif  to  the  blue.  A  faint  continuous  spectrum  was  also  detected^. 
The  spectrum  was  considered  to  have  undergone  no  change  since 
the  previous  examination  in  1878. 

In  1884  the  comet  was  observed  by  Tempel  on  Dec.  13,  but  it 
was  extremely  faint  In  1888  it  was  seen  only  in  the  Southern 
hemisphere,  being  first  detected  by  Tebbutt  at  Windsor,  N.S.W., 
on  July  8,  about  10  days  after  passing  perihelion. 

'  BmUetin  de  tAead.  de  St.  Petersbourff,  vol.  v.  Obstrvatoty,  vol.  i.  p.  a  I.  April  1877. 
**  CompUs  SenduM,  vol.  xoiii.  p.  947. 
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IL  Berberich  has  written  an  interesting  historial  paper  on  the 
brightness  of  Encke's  comet  at  its  many  successive  apiparitions*. 

Tempel's  Seookd  Periodical  Comet. 

No.  2. — On  July  3,  1873,  Tempd  at  Milan  discovered  a  small 
faint  comet.  It  was  described  as  being  somewhat  elongated,  with 
an  eccentric  condensation,  and  a  granular  appearance.  The 
diameter  was  at  least  2^  It  quickly  became  evident  that  the 
comet  moved  in  an  elliptic  orbit  of  short  period.  Hind  pointed 
out  that  soon  after  passing  its  ascending  node  and  when  near 
aphelion  the  comet  passes  close  to  the  orbit  of  Jupiter,  in  which 
fact  is  to  be  found  the  cause  of  its  periodicity. 

This  comet  returned  again  to  perihelion  in  August  1878.  It 
was  seen  at  Oxford  with  difficulty  in  the  12-inch  refractor  of  the 
University  Observatory,  and  resembled  a  faint  round  nebula  1'  in 
diameter,  with  a  very  slight  central  condensation. 

At  the  return  of  1883  (PP.  on  Nov.  20)  the  comet  was  not  seen 
owing  to  its  unfavourable  position. 

Winnecke's  Comet, 

No.  3,  was  discovered  by  M.  Pons,  on  June  12,  1819.  Encke 
assigned  to  it  a  period  of  5}  years,  which,  as  the  table  will  show, 
was  a  very  close  approximation  to  the  truth.  It  was  not, 
however,  seen  from  that  time  till  March  8,  1858,  when  it  was 
detected  by  Winnecke,  at  Bonn,  and  by  him  regarded  as  a  new 
comet ;  but  he  soon  ascertained  the  identity  of  the  two  objects. 
It  must  have  returned  in  1863,  but  was  not  on  that  occasion 
favourably  placed  for  observation.  The  next  return  to  perihelion 
occurred  in  June  1869.  The  comet  was  viewed  by  Winnecke 
himself  on  April  9  of  that  year,  and  is  described  by  him  as 
being  faint,  but  not  less  than  6'  Or  8^  in  diameter.  Winnecke's 
comet  was  again  visible  in  1875  passing  through  perihelion  on 
March  11. 

Some  calculations  by  Oppolzer  led  him  to  think  that 
this  comet  was  observed  previous  to  the  occasion  which  has 

*  Aii,  Na^k,,  vol.  oxix.,  No.  2836,  Ap.  24,  1888. 
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usually  been  considered  its  first  discovery  (namely  its  detection 
by  Pons  in  1819),  and  that  it  is  identical  with  the  comet  dis- 
covered by  Pons  in  Feb.  1808.  (See  the 'Catalogue  of  "Un- 
calculated"  Comets,  j(m>«^,  p.  585.) 

It  was  due  again  in  the  Autumn  of  1880,  but  escaped  notice. 
In  1886  however  it  was  seen  in  the  Southern  hemisphere  after 
perihelion  passage.  It  passed  its  perihelion  12  days  earlier  than 
it  was  predicted  to  do,  and  according  to  Oppolzer  its  movements 
cannot  be  completely  explained  by  the  theory  of  gravitation  alone, 
but  the  existence  of  some  resisting  medium  seems  indicated. 

Brorsen's  Comet, 

No.  4,  was  detected  by  M.  Brorsen,  at  Kiel,  on  Feb.  26, 1846. 
The  observations  showed  an  elliptic  orbit,  and  the  epoch  of  the 
ensuing  arrival  at  perihelion  was  fixed  for  Sept.  26,  1851,  but 
its  position  then  was  not  very  favourable,  owing  to  its  proximity 
to  the  Sun,  and  it  escaped  observation.  Bruhns  again  discovered 
it  on  March  18,  1857.  I  saw  it  on  March  23 ;  it  possessed  the 
usual  nebulous  appearance  common  to  these  objects,  and  had  a 
diameter  of  about  2^  though  it  was  unfavourably  placed  in  the 
morning  twilight,  which  probably  marred  its  brilliancy.  This 
comet  again  returned  to  perihelion  in  April  1868,  Oct.  1873,  and 
March  1879.  Spectroscopic  observations  on  the  last-named 
occasion  by  Konkoly  in  Hungary  and  C.  A.  Toung  in  America 
tended  to  show  that  the  spectra  of  this  and  of  Encke's  comet 
were  identical  with  one  another,  and  with  a  hydro-carbon 
spectrum  i.  Brorsen's  comet  escaped  notice  at  its  return  in 
Sept.  1884. 

The  period  of  Brorsen*s  comet  has  been  gradually  diminishing 
owing  to  the  eifect  of  planetary  perturbation.     Thus : — 


Tn  1846 

;  period  =  2034  days. 

»  1857; 

;    „   =2024   „ 

„  1868; 

„  =  2002  „ 

..  J873; 

»   =  »999   .. 

»  1879 i 

,,      =  1994   » 

i  Ohtervaloryt  vol.  iii.  pp.  56,  105,  Jon*,  Aogoft,  1879. 
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It  was  missed,  as  stated  above,  at  the  returns  of  1851  and  1862 
owing  to  its  anfavonrable  position.  The  present  orbit  was  dne 
to  the  action  of  Jupiter  in  1842,  and,  according  to  D' Arrest, 
serioos  disturbances  from  the  same  cause  will  happen  in  1937  ^. 

Tempel's  Fibst  PEBiODrcAL  Comet. 

No.  5. — On  April  3,  1867,  Tempel  at  Milan  discovered  a  smaU 
telescopic  comet.  It  had  a  nucleus  which  was  eccentrically  placed 
in  an  oval  coma,  and  Talmage,  on. May  3,  thought  that  the 
nucleus  appeared  to  have  a  division  across  the  centre.  The 
comet  remained  visible  for  about  4  months,  which  time  sufficed 
to  make  it  evident  that  its  orbit  was  an  ellipse  of  short  period. 
Soarle's  value  of  the  period  was  2064  days ;  Bnihns*s  slightly 
greater,  2074  days. 

On  July  3,  1873,  Tempel  discovered  a  comet  which  in  his 
telegram  he  described  as  "  schwach  *'  (faint).  Several  computers 
obtained  elliptic  elements  of  its  orbit,  but,  strangely  enough, 
some  time  elapsed  before  the  comet's  identity  with  comet  ii.  of 
1867  was  found  out.  It  returned  to  perihelion  in  May  1879, 
and  is  now  recognised  as  a  permanent  addition  to  the  List  of 
Short-period  Comets.  But  it  escaped  detection  at  its  return  in 
the  Spring  of  1 885. 

Swift's  Comet. 

No.  6. — On  Oct.  10,  1880,  Prof.  Swift  at  Rochester,  New  Jersey, 
U.S.,  found  a  small  comet  with  a  very  diffused  and  ill-defined  disc 
several  minutes  in  diameter.  It  was  soon  ascertained  by  Chandler 
that  the  orbit  was  elliptic  with  a  period  of  6  years,  and  the 
comet  identical  with  comet  iii.  1869,  discovered  by  Tempel  on 
Nov.  27  of  that  year.  The  comet  had  been  very  unfavourably 
circumstanced  for  observation  at  the  return  of  1874,  and  had 
escaped  detection.  It  was  also  unfavourably  placed  at  its  return 
in  1886.  It  is  a  peculiarity  of  this  comet  that  it  is  well  situated 
for  o]>8ervation  only  at  alternate  returns  to  perihelion. 

^  Nafmre^  vol.  xxx.  p.  301,  July  24,  1884. 


Chap.  II.]  Periodic  Comets.  427 

Barnard's  Comet. 

No.  7.— On  July  16,  1884,  Mr.  E.  E.  Barnard,  at  Nashville, 
Tennessee,  U.S.,  using  a  6-inch  refractor,  discovered  a  nebulous 
object  which  he  thought  had  a  suspicious  appearance.  Some  days 
however  elapsed  ere  it  was  found  to  be  in  motion  and  its  cometary 
character  ascertained  beyond  a  doubt.  Perrotin  described  the 
comet  as  exhibiting  on  Aug.  15  an  ill-defined  nebulosity  about 
i^^  in  diameter,  and  having  a  granular  structure  towards  its 
centre.  There  is  no  doubt  that  the  orbit  is  elliptical ;  the  period 
is  at  present  somewhat  uncertain ;  but  it  is  probably  about  6  years. 
If  Berberich*s  period  of  5*49  years  is  correct,  the  comet  must 
have  approached  very  near  indeed  to  Mars  between  April  5 
and  10,  1868,  and  have  had  its  orbit  perturbed  by  that  planet. 

D' Arrest's  Comet. 

No.  8. — On  June  27,  1851,  D' Arrest,  at  Leipzig,  discovered  a 
very  faint  telescopic  comet  in  the  constellation  Pisces.  Within  a 
fortnight  of  its  discovery  the  observations  appeared  irreconcile- 
able  with  a  parabolic  orbit,  and  it  was  soon  placed  beyond  a 
doubt  that  its  true  path  was  an  ellipse.  The  comet  was  visible 
for  more  than  3  months ;  but  notwithstanding  this,  the  results 
of  the  calculations  of  the  orbit  were  very  discordant,  and  the 
predicted  return  of  the  comet  in  the  winter  of  1857-8  must  be 
regarded  rather  in  the  light  of  a  successful  guess  than  anything 
else.  Sir  T.  Maclear,  at  the  Royal  Observatory,  Cape  of  Good 
Hope,  was  the  only  observer  of  this  apparition. 

M.  Villarceau  communicated  to  the  Academy  of  Sciences  at 
Paris,  on  July  22,  186 1,  an  interesting  memoir  on  the  orbit  of 
this  comet,  which  may  be  usefully  placed  on  record  (in  an 
epitomised  form)  as  it  will  serve  to  give  some  insight  into  the 
nature  of  the  mathematical  investigations  which  the  calculators 
of  cometary  orbits  are  called  upon  to  conduct : — 

The  perturbationB  experienced  by  this  comet  are  owing  chiefly  to  the  action  of 
J  apiter,  to  which  it  is  so  near,  that  during  the  month  of  April  of  the  preeen  t  year  [  1 86 1  ] 
its  distance  was  only  0*36,  or  little  more  than  one-third  of  the  Earth's  distance  from  the 
Son.    Before  and  after  this  epoch,  Jnpiter  and  the  comet  ha^e  continned,  and  will 
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eoatjime,  to  Utile  distaiii  from  oae  aaothfr,  at  to  prodoee  the  great  pertmbatiani  to 
wlueli  the  eomet  is  at  pwent  lobiect. 

ntom  a  taUe  of  the  elrmwrta  of  the  pettmbatioDe  ptodooed  by  Jiqnter,  Saturn*  and 
ICan,  in  the  interral  betneett  the  appearance  of  the  eomet  in  1857-8  and  its  return 
to  its  pCTJhdion  in  1864,  IL  YiDaTOeaa  obtained  the  liDllowiQg  reeulti : — 

(1)  The  longitude  of  the  perihelion  will  have  diminiiihfd  4°  35'  to  Aug.  1863,  and 
will  remain  Muibly  ftationarj  fat  about  a  jear  from  that  epoch.  (2)  like  longitiide 
of  the  node  will  have  oootinQally  diminished  to  the  amoont  ofays'.  (3)  Hie  indina- 
tion  will  have  increased  1°  49'  to  the  middle  of  1862,  and  will  diminish  6'  during 
a  yssr,  eontinaing  stationary  dmring  the  year  following.  (4)  like  eooentridty.  after 
haTing  increased  to  the  middle  of  i860,  will  diminish  rather  quickly,  and  will  remain 
stationary  from  1863-5  to  1864-6.  "  Bat  of  all  these  perturbations,*'  says  M.  YiUar- 
esan,  ''the  most  considerable  are  thoee  of  the  mean  motion  and  the  mean  anomaly. 
After  baring  increased  from  5"  to  Jnly,  i860  the  mean  motion  diminishes  ^  in  one 
year,  and  nearly  12^  in  the  year  following,  remaining  stationary  in  the  last  year,  and 
with  a  Talae  15",  f^"  less  than  at  its  origin.  The  perturbations  of  the  mean  anomaly, 
after  haring  gradually  increased  till  i860,  will  increase  rapidly  till  186 1,  whesa  they 
wiU  amomit  to  10^  28' ;  and  setting  out  from  this,  they  will  increase  9',  and  in  1863 
and  1864  they  will  have  resumed  the  same  valae  which  they  had  in  1861." 

The  effect  of  the  first  of  these  perturbations  will  be  to  increase  the  time  of  the 
oomet's  rerolation  by  aboat  69  days ;  and  of  the  second,  to  hasten  by  49  days  the 
return  of  the  comet  to  its  perihelion  in  1864.  It  will  pass  its  perihelion  on  Feb.  26, 
whereas  without  the  influence  of  these  perturbations  it  would  have  passed  it  on 
April  15. 

As  was  anticipated,  the  comet  escaped  notice  altogether  at  its 
return  to  perihelion  in  1864.  But  in  1870,  astronomers  were 
more  fortunate,  and  were  able  to  follow  it  for  4  months. 
Winnecke  has  pointed  out  that  D'Airest's  comet  is  undoubtedly 
the  faintest  of  all  the  known  periodic  comets  ^  It  came  back 
again  to  perihelion  in  1877,  but  was  not  seen  at  its  return  in  the 
winter  of  1883. 

Finlay's  Comet, 

No.  9. — On  Sept.  a6, 1886,  a  small  tailless  comet  i' in  diameter 
was  discovered  at  the  Royal  Observatory,  Cape  of  Good  Hope.  It 
was  at  first  thought  to  be  possibly  identical  with  the  lost  comet 
of  Di  Vico,  but  subsequent  investigation  negatived  this  theory : 
it  is  however  certainly  a  short-period  comet,  and  its  next  return 
will  be  looked  forward  to  with  interest. 

'  Ati.  Nach.,  vol.  Ixxv.  No.  1824,  Oct.  la,  1870. 
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Wolf's  Comet. 

No.  ID. — On  Sept.  17, 1884,  Dr.  Wolf  of  Heidelberg  discovered 
a  small  telescopic  comet  which  Col.  Tupman  described  a  week 
later  as  about  2^  in  diameter  and  possessing  a  stellar  nucleus  3^' 
in  diameter.  It  soon  proved  to  be  a  short-period  comet  revolving 
round  the  Sun  in  about  6^  years. 


Faye's  Comet, 

No.  1 1,  was  discovered  by  M.  Faye,  at  the  Paris  Observatory,  on 
Nov.  22,  1843,  it  being  then  in  the  constellation  Orion.  It  ex- 
hibited a  bright  nucleus,  with  a  short  tail,  but  was  never 
sufficiently  brilliant  to  be  seen  by  the  unaided  eye.  That  the 
comet*s  path  was  an  ellipse  seems  to  have  been  suspected  in- 
dependently by  more  than  one  observer.  To  Le  Verrier,  however, 
is  due  the  credit  of  having  completely  investigated  its  elements. 
That  astronomer  showed  that  the  comet  came  into  our  system  at 
least  as  far  back  as  the  year  1747,  when  it  suffered  much  per- 
turbation from  Jupiter  ™ ;  and,  further,  that  its  next  perihelion 
passage  would  occur  on  April  3,  1851. 

It  was  rediscovered  by  Challis,  at  Cambridge,  on  Nov.  28, 1850. 
O.  Struve  described  it,  under  the  date  of  Jan.  24, 1851,  as  having 
a  diameter  of  24''.  During  the  whole  time  it  was  observed  it  had 
scarcely  any  nucleus  or  tail.  This  comet  returned  in  due  course 
to  perihelion  on  Sept.  12,  1858,  having  been  detected  4  days 
previously  by  Bruhns,  at  Berlin.  It  was  also  seen  in  1866, 1873, 
1880",  and  1888,  and  next  after  Halley's  and  £ncke*s  comets  may 


"■  The  intelligent  reader  may  wonder 
why  Jupiter  ii  so  constantly  called  to 
aooonnt  as  the  great  bugbear  of  these 
short-period  comets.  The  reasons  are 
two  in  number: — (i)  The  immense  mass 
of  Jupiter  compared  with  that  of  any  of 
the  other  planets ;  and  (a)  the  fact  that 
the  aphelia  of  all  these  comets  lie  very 
close  to  the  orbit  of  Jupiter;  so  that 
when  at  their  greatest  distance  from  the 
Sun,  they  are  constantly  liable  to  rsu' 
eontres  more  or  less  intimate,  though  by 


no  means  friendly,  with  the  ooloasal 
planet.  It  is,  moreover,  an  incidental 
indication  of  the  potency  of  Jupiter's 
influence  over  comets,  that  so  many  short- 
period  comets  have  periods  amounting  to 
between  5  and  6  years,  being  about  the 
time  occupied  by  Jupiter  in  traversing 
half  its  orbit.  (See  Fig.  181,  on  p.  403, 
ante,) 

■  For  a  fuller  history  of  this  oomet 
see  Month,  Not.,  voL  zli.  p.  346,  Feb. 
1881. 
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be  regarded  as  the  best-known  cometary  member  of  the  Solar 
system. 

Denninq's  Comet. 

No.  12. — On  Oct.  4,  i88i,  Mr.  W.  F.  Denning  at  Bristol  dis- 
covered a  bright  telescopic  comet  in  the  constellation  Leo.  It  was 
circular  in  form,  about  i'  in  diameter,  and  showed  a  slight  central 
condensation.  The  ellipticity  of  its  orbit  soon  becapie  known  to 
those  who  undertook  the  computation  of  its  elements,  and  there 
is  no  doubt  that  it  constitutes  an  interesting  addition  to  our 
list  of  short-period  comets,  and  the  first  made  by  an  Englishman. 

The  elements  bear  some  resemblance  to  those  of  the  comet  of 
1 8 19  (iv.),  discovered  by  Blainpain.  Winnecke  thinks  that  the 
comet  seen  at  Paris  in  1 855  by  Goldschmidt,  and  then  regarded 
as  perhaps  Di  Vico*s,  and  Hind's  comet  of  1846  (ix.),  may  both 
have  been  apparitions  of  Denning's  comet.  The  further  con- 
sideration of  these  suggestions  must  stand  over  till  after  the 
next  return  of  this  object  to  perihelion,  which  will  be  awaited 
with  much  interest  by  astronomers,  the  more  so  as  it  is  known 
that  it  must  come  much  under  the  influence  of  several  of  the 
major  planets. 

Tuttle's  Comet, 

No.  13,  was  detected  by  M^chain,  on  Jan.  9, 1790.  It  was  only 
followed  for  a  fortnight.  On  Jan.  11  Messier  could  see  but  a 
confused  nebulosity,  without  any  indications  of  a  nucleus.  It 
was  not  re-observed  until  its  return  at  the  commencement  of 
1858,  on  Jan.  4  of  which  year  it  was  detected  by  H.  P.  Tuttle,  at 
Harvard  College  Observatory,  Cambridge,  U.S.  It  returned 
again  to  perihelion  in  Nov.  1871  and  Aug.  1885,  and  is  now 
accepted  as  a  regular  member  of  the  group  of  short-period 
comets.  On  the  last  occasion  it  was  very  faint,  and  was  only 
followed  in  the  morning  twilight  for  about  a  fortnight. 

Biela's  Comet. 

Besides  those  enumerated  in  the  Table,  there  is  another  very 
i*emarkable  periodic  comet,  even  more  interesting  than  Encke's, 
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but  for  altogether  a  different  reason :  I  shall  therefore  give  its 
history  at  some  length. 

On  March  8,  1772,  Montaigne,  at  Limoges,  discovered  a  comet 
in  Eridanus,  which,  from  want  of  suitable  instruments,  he  was 
unable  properly  to  observe,  or  to  see  at  all  after  the  20th; 
Messier,  however,  saw  it  four  times  between  March  26  and 
April  3. 

On  Nov.  10,  1805,  Pons  discovered  a  comet,  which  was  found 
also  by  Bouvard  on  the  i6th.  It  had  a  nucleus,  and  the  diameter 
of  the  coma  on  Nov.  23  was  6'  or  7'.  On  Dec.  8  it  was  at  its 
nearest  point  to  the  Earth,  and  Olbers  saw  it  without  a  telescope. 
Bessel  and  others  calculated  elliptic  elements,  and  its  identity 
vnih  the  comet  of  1772  was  suspected,  though  no  predictions  as 
to  its  next  return  were  ventured  on. 

On  Feb.  27, 1826,  M.  Biela,  at  Josephstadt,  Bohemia,  discovered 
a  faint  comet  in  Aries,  which  Gambart  found  on  March  9.  The 
observations  extended  altogether  over  a  period  of  8  weeks,  and  it 
was  soon  made  evident  that  the  orbit  was  an  ellipse  of  moderate 
eccentricity;  and  further,  that  the  comet  was  the  same  as  that 
which  had  already  been  observed  in  1772  and  1805. 

In  anticipation  of  its  next  return  in  1832  investigations  into 
the  orbit  of  the  comet  and  the  perturbations  by  which  it  would 
be  affected  were  undertaken  by  Santini,  Damoiseau,  and  Olbers. 
Santini  found  that  its  period  in  1826  was  2455  ^^y^*  ^^t  that  the 
attraction  of  the  Earth,  Jupiter,  and  Saturn  would  accelerate  its 
next  return  by  rather  more  than  10  days,  which  he  accordingly 
fixed  for  Nov.  27,  1832.  Damoiseau's  investigations  gave  a 
similar  result.  Early  in  1828  Olbers  called  attention  to  the 
fact  that  in  1832  the  comet  would  pass  within  20,000  miles  of 
the  Earth's  orbil ;  but  that  as  the  Earth  would  not  reach  that 
particular  point  till  one  month  after  the  comet  had  passed  it, 
no  danger  was  to  be  apprehended.  Astronomers  were  quite 
satisfied  as  regards  this  matter,  but  their  confidence  was  not 
shared  by  the  unscientific  many,  who  were  greatly  alarmed  lest 
a  collision  should  take  place,  and  our  globe  become  a  sufferer 
thereby. 
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Punctually  at  the  time  appointed  the  comet  returned  to  peri- 
helion,  through  which  it  parsed  within  12  hours  of  the  time  fixed 
by  Santini  five  years  previously.  It  was  first  seen  at  Rome  on 
Aug.  23,  but,  owing  to  its  excessive  faintness,  it  was  not 
generally  observed  till  two  months  later. 

The  next  return  was  calculated  to  take  place  on  July  23, 1 839, 
but  in  consequence  of  its  close  proximity  to  the  Sun,  the  comet 
was  not  detected. 

Continuing  his  researches,  Santini  fixed  on  Feb.  11,  1846,  as 
the  epoch  of  the  next  perihelion  passage ;  and  as  it  would  be 
visible  for  a  considerable  period,  much  interest  was  excited 
amongst  astronomers,  who  anticipated  that  a  remarkably  good 
opportunity  would  be  afforded  for  correcting  the  theory  of  its 
motion. 

Di  Vico,  at  Rome,  with  the  powerful  telescope  at  his  command, 
discovered  it  on  Nov.  28,  1845,  and  Galle,  at  Berlin,  saw  it  two 
days  later ;  but  by  the  generality  of  observers  it  was  not  seen 
till  the  second  or  third  week  in  December.  I  have  already 
adverted  to  the  very  curious  phenomenon  which  took  place  at 
this  apparition  of  Biela's  comet.     (See  ante^  p.  408.) 

The  comet  returned  again  to  perihelion  in  Sept.  1852,  and  was 
visible  for  three  weeks.  The  same  reason  which  prevented  it 
from  being  seen  in  1839  also  caused  it  to  pass  undetected  in 
May  1859 ;  so  that  we  were  obliged  to  await  its  next  return  to 
perihelion  in  Jan.  1866  for  further  information  relative  to  its 
physical  condition.  This  return  was  looked  forward  to  with 
much  interest;  as  it  was  important  to  know  what  changes  had 
occurred  during  the  preceding  13  years  in  the  relative  position 
of  the  two  portions  so  strangely  rent  asunder,  as  already  narrated 
— ^whether  they  still  travelled  through  space  in  company  or  not. 
That  between  1846  and  1852  they  had  become,  for  all  practical 
purposes,  two  complete  comets,  seemed  indisputable ;  and  in  the 
sweeping  Ephemerides  issued  from  the  Nautical  Almanac  office, 
by  Mr.  Hind,  for  facilitating  their  rediscovery  in  1859,  two 
independent  sets  of  elements  and  positions  were  given. 

It  was  calculated  that  the  comet  would  have  been  seen  in 
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1865-6  under  very  favourable  circumstances,  and  search  was 
systematically  made  for  it  at  numerous  European  Observatories, 
but  without  success.  Much  disappointment  was  felt  by  astrono- 
mers :  and  startling  as  such  a  suggestion  may  appear^,  even  the 
continued  existence  of  the  comet  seemed  so  open  to  uncertainty 
that  all  hopes  of  seeing  it  again  were  given  up.  At  least  one 
man,  however,  did  not  despair.  M.  Elinkerfues  of  GK>ttmgen 
kept  the  subject  before  him,  and  as  the  result  of  his  labours,  he 
sent,  on  Nov.  30,  1872,  to  Pogson  at  Madras,  a  tel^ram  as 
follows:  ^^Biela  touched  Earth  an  2*jth:  search  near  $  Centauri** 
The  search  was  made,  and  a  comet  found,  and  observations  of  it 
were  obtained  on  Dec.  2  and  3,  1872.  Bad  weather  and  the 
advance  of  twilight  prevented  further  success  ^.  Here  the  matter 
rests :  it  was  however  the  opinion  of  Bruhns  that  the  comet  seen 
by  Pogson  could  not  possibly  have  been  Biela's,  but  was,  by  a 
remarkable  coincidence,  some  other. 

The  further  consideration  of  the  question  ''  Why  has  Biela's 
comet  disappeared  ?  "  seems  now  to  belong  to  the  subject  not  of 
Cometic  but  of  Meteoric  Astronomy.  Accordingly  we  shall  have 
more  to  say  about  it  in  Book  V  {post). 

Di  Vice's  Comet. 

On  Aug.  22,  1844,  M.  Di  Vico,  at  Rome,  discovered  a  tele- 
scopic comet,  which,  towards  the  end  of  the  foUowing  month, 
became  perceptible  to  the  naked  eye.  With  a  telescope  a  bright 
stellar  nucleus  and  a  short  tail  were  seen.  It  some  became  evident 
that  the  observations  could  not  be  reconciled  with  any  parabolic 
orbit,  and  elliptic  elements  were  calculated  by  several  computers. 
The  most  complete  investigation  is  due  to  Briinnow,  who  found 
that  the  comet's  periodic  time  was  1993  days.  Carrying  on  his 
researches  to  the  next  return  to  perihelion,  which  was  calculated 

<*  I  Mfume  thftt  we  are  required  to  spring  of  1866.    (See  Monik,  ifof.,  vol. 

ignore    certain   alleged  observationa  of  zzvi.  pp.  241  and  271.) 

"something''  which  formed  a  topic  of  p  Month.    Not,^  yoI.   xxxiii.   p.    1 1 6. 

discussion  at  several  meetings   of  the  Dec.  187a. 
Royal    Astronomical    Society,    in    the 

Ff 
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to  occur  in  the  spring  of  1850,  he  found  that  "  when  the  comet 
was  near  enough  to  the  Earth  to  be  otherwise  discerned,  it  was 
always  lost  in  the  Sun's  rays,  the  geocentric  positions  of  the  Son 
and  comet  at  perihelion  being  nearly  the  same,  and  continuing  so 
for  some  months,  on  account  of  the  apparent  direct  movement  of 
both  bodies." 

Its  next  return  to  perihelion  was  fixed  for  Aug.  6,  1855 ;  and 
as  it  would  be  favourably  situated  for  observation,  hopes  were 
entertained  that  it  would  again  be  detected.  Such,  however, 
was  not  the  case;  nor  was  it  seen  in  1861,  1866,  1872,  or  1877, 
and  therefore  we  are  no  longer  justified  in  including  it  in  the  list 
of  "known"  short-period  comets,  but  its  size  and  brilliancy 
(considerable  for  a  short-period  comet)  render  its  non-appearance 
since  1844  a  remarkable  fact.  Certain  computations  by  Le 
Verrier  render  it  probable  that  this  comet  is  identical  with  that 
of  1678. 

On  Sept.  26,  1886,  Finlay  discovered  a  small  comet  the 
elements  of  whose  orbit  were  found  to  resemble  closely  those 
assigned  to  Di  Vice's  comet  by  Briinnow ;  but  the  resemblance 
appears  to  be  fortuitous :  that  is  to  say,  that  they  are  2  distinct 
comets  moving  in  orbits  similar  in  many  respects  but  not  in  all. 

Another  instance  of  this  sort  of  thing  seems  to  be  exhibited 
by  the  comets  of  1843  (i.),  1880  (i.),  and  1882  (ii.). 

Short  periods  have  also  been  assigned  to  the  following  comets ; 
but  too  much  uncertainty  prevails  with  respect  to  them,  to 
justify  their  being  included  with  the  foregoing^: — 

Clausen  (1743,  i.)  Blainpain  (1819,  iv.) 

Buickhardt  (1766,  ii.)  Peten  (1846,  vi. 

LexeU  (1770,  i.)  Coggia  (1873,  vii.). 
Pigott  (1783) 

The  last-named  of  these  comets  (1873,  vii.)  was  the  subject  of 
an  elaborate  investigation  by  Weiss,  who  thought  it  a  return  of 
the  comet  of  1818  (i.),  but  he  could  not  satisfy  himself  whether 

^  The  reader  wiU  find  a  few  brief  par-  body  interested  in  this  branch  of  as- 

tionlan  in  the  notes  to  the  i*^  catalogue  tronomy  ought  to  possess.    Those  who 

(poH) ;  but  for  further  information  he  read  German  wiU  find  P.  Carl's  Seper^ 

must  consult  Hind's  ComeiM,  or  Cooper's  tarium   der    ComeUn-AHroncmie,    pub- 

Cometic  Orbit* — two  works  which  every-  lished  at  Munich  in  1864,  a  useful  book. 
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its  period  was  55'8,  i8-6,  or  6-%  years,  though  he  gives  the  pre- 
ference to  6'2  years. 

In  Class  n.  we  have  the  following  comets  : — 


Naniu. 

* 

Period. 

Probable  next 
Return. 

Yean. 

I.  Wertphal  (1852,  iv.) 

l'         67.77 

;           1920 

2.  Pons  (1812)        

:     70-68 

1954 

3.  Di  Vioo  (1846,  iv.)     

i      73-25 

1919 

4.  01beri(i8i5)      

74-05 

;         1961 

5.  Bronen  (1847,  v.)      

!        74-97 

1922 

6.  Halley 

7678 

1           I9IO 

It  has  been  suggested  (I  know  not  by  whom)  that  4  of  the 
above  may  have  originally  constituted  a  single  comet.  Inde- 
pendently of  this,  Kirkwood  has  given  reasons  why  some 
connection  may  exist  between  Nos.  2  and  3  in  the  above  Table. 

No.  2  was  discovered  by  the  indefatigable  Pons  on  July  20, 
1 81 2,  being  the  i6th  comet  found  by  him  in  10  years.  It  had 
an  irregular  nebulous  form  without  tail  or  beard,  and  was  only 
visible  through  a  telescope.  Encke  having  assigned  a  period  of 
707  years,  the  return  of  the  comet  was  anticipated  about  1883, 
and  accordingly  it  was  sighted  on  Sept.  3  by  Brooks  in  America 
by  the  aid  of  a  sweeping  ephemeris  computed  by  Schulhof  and 
Bossert.  It  appears  to  have  exhibited  in  1883-4  physical 
characteristics  differing  altogether  from  anything  recorded  in 
1 81 2.  Chandler  in  America  and  Schiaparelli  in  Italy  saw  it  on 
several  occasions  in  Sept.  1883,  first  as  a  nebulosity,  then  as  a 
star,  then  as  a  nebulosity  again ;  whilst  Muller  at  Potsdam  on 
Jan.  I,  1884  observed  changes  up  and  down  both  in  magnitude 
and  brightness  to  the  extent  of  y^j  of  a  magnitude  in  if  hour. 

Tr^pied  observed  it  daily  from  Jan.  13  to  18  without  noticing 
anything  very  remarkable,  but  on  Jan.  19  the  aspect  of  the 
nucleus  had  so  changed  that  it  was  difficult  to  realise  that  the 
same  object  was  being  scrutinised.  The  head  then  exhibited 
3  zones,  as  in  Fig.  188. 

F  f  2 
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"  The  interior  and  moet  brilliuit  sons  wu  almoat  cuculkr,  aad  remarkable  tr 
to  its  milk;  >«pect :  it  ntood  oat  ahArplj  from  the  ndjainiug  lane  uid  wu  of  K  leftden 
hue :  oiitaide  this  lecond  xone  came  the  ordiiuuy  nebultHit;  of  the  Mil,  baviog  on  the 
tODtb-we«t  tide  a  panbolic  oatUue. 

The  Duclea>  hod  andergoDea  caOEiderBble  lengthening :  itcoDEistedoftwo  diatinct 
part*  of  TETJ  different  brillianc;  united  by  a  very  well  marked  twiuted  link  {tlrattgU- 
mcHl)  which  occupied  iilmoiit  the  centre  of  the  inner  circotar  lone.     The  Southern 

i  i       r^- 


pnrtof  the  nutleue,  wluuh  waa  by  far  the  briglitesl,  was  teruiiuated  b;  an  elliptie  arc 
very  aharpl;  deRaed  and  tftngential  to  the  circumference  of  the  lone  ;  the  Nortbeni 
part  on  the  oontrarj  wag  auddetdy  cut  off  at  the  eitreniity  of  the  diiuneter,  whoae 
direction  coincided  with  that  of  the  nils  of  the  aucleos.  This  direotion  waa 
almoet  eiautty  identical  with  that  of  the  axia  of  the  tail.  On  Janaary  lo  the 
nuoleua  and  the  nebulosity  which  lurrounded  it  had  rexumed  their  accnitomed  alpect. 
I  obierved  the  cornet  up  till  the  end  of  the  lat  week  in  Febrdar;  without  Ij«Dg  abl« 
tn  detect  any  ehanges  like  that  which  hapjiened  Pii  Jan.  19.     It  follows  ' 
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that  the  transformAtioiis  in  question  must  have  run  their  course  in  a  few  hours;  and 
herein  consists  the  remarkable  character  of  the  whole  phenomenon.'* 

Tr^pied*s  observations  accord  generally  with  those  of  Perrotin, 
ThoUon  and  Rayet,  which  apply  however  to  the  date  of  Jan.  13. 
It  would  appear  therefore  to  follow  that  the  changes  in  this 
comet,  whatever  their  nature,  were  in  some  sense  periodic — a 
circumstance  additionally  remarkable. 

No.  4,  Olbers's  comet,  came  back  to  perihelion  in  1 887.  It  was 
discovered  by  Brooks  in  America  on  Aug.  24. 

No.  6.  The  comet  which  has  the  most  interesting  pedigree  is 
undoubtedly  that  which  bears  the  name  of  our  illustrious 
countryman  Halley;  and  as  its  history  will,  moreover,  serve  to 
exemplify  various  remarks  made  in  previous  pages  on  the  nature 
and  appearance  of  comets,  I  cannot  do  better  than  give  a 
summary  of  the  said  history  from  the  time  of  the  comet's  last 
appearance,  in  1835,  back  to  the  earliest  ages. 

A  few  years  after  the  advent  of  the  celebrated  comet  of  1680, 
Sir  L  Newton  published  his  Principia,  in  which  he  applied  to  the 
orbit  of  that  comet  the  Theory  of  Gravitation  first  promulgated 
in  that  work.  He  explained  the  method  of  determining,  by 
geometrical  construction,  the  visible  portion  of  the  path  of  a 
body  of  this  kind,  and  invited  astronomers  to  apply  these  prin- 
ciples to  the  various  recorded  comets.  He  considered  that  it 
was  very  probable  that  some  comets  might  move  in  elongated 
ellipses  which  near  perihelion  would  be  scarcely  distinguishable 
from  parobolas,  and  even  thought  that  the  comet  of  1680  might 
be  moving  in  one  which  it  took  about  575  years  to  complete. 
The  illustrious  Halley  (to  whose  solicitations  and  exertions  the 
publication  of  the  Principia  is  in  great  measure  due,  for  he  bore 
the  whole  labour  and  undertook  the  whole  expense  of  its  editing 
and  publication)  also  took  this  view.  But  although  we  now 
know  that  the  period  of  that  comet  is  far  longer  and  is  in  fact 
measured  by  thousands  of  year,  Halley's  investigations  in  a 
subsequent  instance  led  him  to  a  conjecture  which  was  fully 
substantiated.  He  undertook  the  labour  of  examining  the  cir- 
cumstances attending  all  the  comets  previously  recorded  with  a 
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view  to  ascertain  whether  any,  and,  if  so,  which,  of  them, 
appeared  to  follow  the  same  path.  Careful  investigation  soon 
proved  that  the  orbits  of  the  comets  of  1531  and  1607  were 
similar,  and  that  they  were,  in  feu^,  the  same  as  that  followed 
by  the  comet  of  1682,  seen  by  himself.     He  suspected  therefore 

Fig.  189. 


HALLBT'b  comet,  JAV.  9,  1683  (N.8.),  SHEWING  LUMINOUS  SECTOB  DRAWN  BT  HEVEUU8'. 

(and  rightly  too,  as  the  sequel  showed)  that  the  appearances  at 
these  3  epochs  were  produced  by  the  3  successive  returns  of  one 
and  the  same  body,  and  that  consequently  its  period  was  some- 
where about  75  J  years.  There  were  nevertheless  2  circumstances 
which  might  be  supposed  to  offer  some  difficulty,  inasmuch  as  it 
appeared  that  the  intervals  between  the  successive  returns  were 
not  precisely  equal,  and  that  the  inclination  of  the  orbit  was  not 
exactly  the  same  in  each  case.  Halley,  however,  "with  a 
degi*ee  of  sagacity  which,  considering  the  state  of  knowledge 
at  the  time,  cannot  fail  to  excite  unqualified  admiration,  obsei*ved 

Fig.  190. 


ii*- 


PLAN  or  THE  OBBIT  OF  HALL£T*S  COMET  COHPABED  WITH  THE 
OBBITS  OF  CEBTAIN  PLANETS. 

that  it  was  natural  to  suppose  that  the  same  causes  which  dis- 
turbed the  planetary  motions  would  likewise  act  on  comets ; " 
in  other  words,  that  the  attraction  of  the  planets  would  exercise 

'  Annvs  clifnaeteri€H4t,  p.  139. 
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some  influence  on  comets  and  their  motions.  The  truth  of  this 
idea  we  have  abready  seen  exemplified  in  the  case  of  the  comet 
of  1770.  In  fine,  Halley  found  that  in  the  interval  between 
1607  and  1682  the  comet  passed  so  near  Jupiter  that  its  velocity 
must  have  been  considerably  increased,  and  its  period  con- 
sequently shortened ;  he  was,  therefore,  induced  to  predict  its 
return  about  the  end  of  1 758  or  the  beginning  of  1 759.  He  thus 
plaintively  wrote  on  the  subject : — "  Wherefore  if  it  should  return 
according  to  our  prediction  about  the  year  1758  impartial 
posterity  will  not  refuse  to  acknowledge  that  this  was  first 
discovered  by  an  Englishman."  Although  Halley  did  not  sur- 
vive to  see  his  prediction  fulfilled,  yet,  as  the  time  drew  near, 
great  interest  was  manifested  in  the  result,  more  especially  as 
Clairaut  had  named  April  13,  1759,  as  the  day  on  which  the 
perihelion  passage  would  take  place.  It  was  not  destined, 
however,  that  a  professional  astronomer  should  be  the  first"  to 
detect  the  comet  on  its  anticipated  return;  that  honour  was 
reserved  for  a  farmer  near  Dresden,  named  Palitzsch,  who  was 
also  a  student  of  Nature  and  who  saw  it  on  the  night  of 
Christmas-day,  1758.  But  few  observations  were  made  before 
the  perihelion  passage  (on  March  12),  owing  to  the  comet's 
proximity  to  the  Sun ;  during  the  months  of  April  and  May, 
however,  it  was  seen  throughout  Europe,  although  to  the  best 
advantage  only  in  the  Southern  hemisphere.  On  May  5  it  had  a 
tail  47""  long. 

Previously  to  the  last  return  of  this  comet,  in  1835,  ni^perous 
preparations  were  made  to  receive  it.  Eariy  in  that  year  Rosen- 
berger,  of  Halle,  published  a  memoir,  in  which  he  announced 
that  the  perihelion  passage  would  take  place  on  Nov.  11,  though 
Damoiseau  and  Pont^oulant  both  fixed  upon  a  somewhat  earlier 
period. 

Let  us  now  see  how  far  these  expectations  were  realised.  The 
comet  was  seen  at  Rome  on  Aug.  5 ;  as  it  approached  the  Sun 

*  It  WM  stated  by  Prof.  R.  Grant  in  a  early  date,  but  was  ordered  to  hold  his 
lecture  at  the  Royal  Institution  in  1870,  tongue.  I  do  not  know  what  authority 
that  Messier  detected  this  comet  at  an      there  is  for  this  statement. 
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it  gradually  increa.scd  both  in  iD^;mtude  and  brightness,  but  did 
not  become  visible  to  the  naked  eye  till  Sept.  20.  On  Oct,  19 
the  toil  had  attained  a  length  of  fully  30'^.  The  comet  was  soon 
afterwards  lost  in  the  rays  of  the  Sun,  and  passed  through  its 
perihelion  on  Nov.  15,  or  within  4  dnya  of  the  time  named  Ly 
Rosenberger.  It  reappeared  early  in  Jan.  1^36,  and  was  ob- 
served in  the  South  of  Europe  and  at  the  Cape  till  the  middle  of 


Fig.  191 


May,  when  it  was  finally  lust  to  view,  not  to  be  seen  again  till 
the  year  1910', 

We  have  seen  above  that  Halley  traced  his  comet  back  to  the 
year  1531  ;  we  must  now,  therefore,  hriefly  review  its  probable 
history  prior  to  that  date,  as  made  known  by  the  labours  of 
modem  aBtronomera.     Halley  surmised  that  the  great  comet  of 


'  Dr»wingB  by  Beteel  will  be  found  in  the  Aet.  Hach,, 
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1456  was  Identical  with  the  one  observed  by  him  in  1683,  and 
PiDgi^  converted  Halley'e  suspicion  into  a  certcunty.  The  pre- 
ceding return  took  place,  as  Laugier  has  shovn,  in  1378,  when 
the  oomet  was  observed  both  in  Europe  and  China  ;  but  it  does 
not  appear  to  have  been  so  bright  in  that  year  as  in  145<S.  In 
Sept.  1501  agreat  comet  is  mentionedby  nearly  all  the  historiana 
of  the  period.  It  was  seen  as  far  North  as  Iceland.  It  exhibited 
a  bright  and  extensive  tail,  which  stretched  across  a  considerable 

Fig-  "93- 


IIT,  6S4.     {From  lie  Nartnditrg  CkrcmeU.) 


part  of  the  heavens.  This  was  most  likely  Halley's  comet.  The 
previous  apparition  is  not  so  well  ascertained,  but  it  most  likely 
occurred  in  July  1233,  when  it  b  recorded  in  an  ancient 
chronicle  that  a  wonderful  sign  appeared  in  the  heavens  shortly 
before  the  death  of  Philip  Augustus  of  France,  of  which  event 
it  was  generally  considered  to  be  the  precursor.  It  was  only 
Been  for  8  days.  Although  but  little  infonnatioa  is  possessed 
about  it,  and  that  of  a  very  T^ue  character,  yet  it  seems 
probable  that  this  was  Halley's  comet.  In  April  1145  a  great 
comet  is  mentioned  by  European  historians,  which  is  one  of  the 
most  certain  of  our  scries  of  returns.  In  April  1066  an  im- 
portant comet  became  visible  which  astonished  Europe.     It  is 
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minutely,  though  not  very  clearly,  described  in  the  Chinese 
annals  ;  and  the  path  there  assigned  to  it  is  found  to  agree  with 
elements  which  bear  a  great  resemblance  to  those  of  Halley's 
comet.  In  England  it  was  considered  the  forerunner  of  the 
victory  of  William  of  Normandy,  and  was  looked  upon  with 
universal  dread.  It  was  equal  to  the  Full  Moon  in  size,  and  its 
train,  at  first  small,  increased  to  a  wonderful  length.  Almost 
every  historian  and  writer  of  the  ii^^  century  bears  witness  to 
the  splendour  of  the  comet  of  1066,  and  there  can  be  but  little 
doubt  that  it  was  Halley's.  Previous  to  this  year  the  comet 
appeared  in  989,  91a,  837,  760,  684,  608,  530,  451,  373,  295,  ai8, 
141,  66  A.D.,  and  11  B.C.,  all  of  which  apparitions  have  been 
identified  by  Hind^. 

Concerning  the  comets  belonging  to  Class  lU.  (comets  of  long 
period),  it  is  not  necessary  to  notice  them  further  here  ;  they  will 
be  found  in  the  Catalogue,  j^o^^m. 

Flammarion,  making  use  of  some  previous  labours  in  this  field 
by  Kirkwood  and  others,  has  worked  out  the  idea  of  particular 
comets  being  associated  with  particular  planets  in  a  way  which 
has  yielded  some  results  too  curious  and  interesting  to  be  passed 
over.  In  addition  to  the  i*^  or  Jupiter  group  to  which  reference 
has  already  been  made  ',  he  finds  that  every  major  planet  beyond 
Jupiter  seems  to  have  a  group  of  comets  attached  to  it ;  and 
moreover,  as  there  is  a  group  of  comets  without  a  known 
planetary  leader,  he  makes  bold  to  speculate  that  this  fact  is  a 
proof  that  a  Trans-Neptunian  planet  exists  and  will  one  day  be 
found. 

The  following  are  Flammarion's  groups,  the  figures  appended 
representing  in  Badii  of  the  Earth*8  orbit  the  mean  distances  of 
the  respective  planets  and  the  aphelion  distances  of  the  re- 
spective comets : — 

aND  Gboup. 

Saturn     9*otoioi 

Tattle's  Comet 10-5 

"  M<mth,  Not,  vol.  X.  p.  51.  Jan.  1850.  '  See  pp.  401,  40a,  ante. 
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3BD  Gboup. 

u baa us     ...           ...           ...           ...           ...          ... 

i8*3toao.i 

Comet  of  1866  ^i.)  and  November  Meteon     ... 

19.7 

Comet  of  1867  (i.)          

»9-3 

4TH  Gboup. 

MKFTUxlK  ...            ...            ...            •••            ...            ... 

a9-8  to  30-3 

Comet  of  185a  (iv.)  (Westphal)            

a9-3a 

Comet  of  181  a  (Pons)     

33 

Comet  of  1846  (iv.)  (Di  Vioo) 

34 

Cometof  1815  (Olben) 

34 

Comet  of  1847  (v.)  (Bronen) 

35 

Halley*s  Comet 

35 

5TH  Gboup. 

Tmif-Neptanian  planet  ?           

47to48? 

Comet  of  1 86  a  (iii.)»  itnd  AngiiBt  Meteors 

49 

Comet  of  153a  and  1661 

48 

Flammarion  finally  hints  at  the  specalation  that  the  undis- 
covered planet  must,  if  it  be  related  to  the  comets  of  the  S^ 
group,  revolve  at  somewhere  about  twice  the  distance  of  Neptune, 
say,  in  a  period  of  yxy  years  y. 

y  UAttronomitt  vol.  Hi.  p.  89,  March       portant  mistakes   or   misprints   in  the 
1 884.      I   have   corrected    several    im-       French  original. 
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CHAPTER    III. 


REMARKABLE  COMETS. 

The  Oredt  dmd  of  i%ii,— The  Great  Comet  of  1845.— TXe  Great  Cornel  tf  1858. 
^The  Cornel  of  i860  {m.),-^The  Great  Comet  of  1861.— T%«  CamH  qf 
i86a  (m,).'-The  Comet  of  1864  {n.),—The  Comet  of  1874  (iii.).— W«  Cowui 
of  i88a  (iU.). 

THE  comets  which  might  be  included  under  the  above  head 
are  so  numerous  as  to  make  it  impossible  that  all  shouM 
receive  full  attention.  I  must  therefore  limit  myself  to  some 
few  of  the  most  interesting,  premising  that  Grant  includes  the 
following  comets  under  the  designation  "remarkable"  : — 


1066 

1531 

1682 

1823 

1106 

155^ 

1689 

1835 

"45 

1577 

1729 

1843 

1265 

1607 

1744 

1858 

1378 

]6i8 

J759 

1861 

1402 

1661 

1769 

1456 

1680 

1811 

The  Comet  of  181 1  (i.)  is  one  of  the  most  celebrated  of  modem 
times.  It  was  discovered  by  Flaugei*gues,  at  Viviers,  on  March  26, 
181 1,  and  was  last  seen  by  Wisniewski  at  Neu-Tscherkask,  on 
Aug.  17,  1812.  In  the  autumnal  months  of  181 1  it  shone  very 
conspicuously,  and  its  considerable  Northern  declination  caused 
it  to  remain  visible  throughout  the  night  for  many  weeks.  The 
extreme  length  of  the  tail  at  the  beginning  of  October  was  about 
25°,  and  its  breadth  about  6**.  Sir  W.  Herschel  paid  particular 
attention  to  this  comet,  and  the  observations  which  he  made  are 
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very  valuable.  Ke  states  that  it  had  a  well-defined  nucleus,  the 
diameter  of -which  he  found  by  careful  meaaureiueDt  to  be  428 
miles ;  further,  that  the  nucleus  was  of  a  ruddy  hue,  though  the 
surrounding  nebulosity  had  a  bluish-green  tinge  '.     This  comet 


undoubtedly  is  a  periodical  one.  Argelander,  whose  investigatioTi 
of  the  orbit  is  the  most  complete  that  has  been  carried  out,  assigned 
to  it  a  period  of  3065  years,  subject  to  an  uncertainty  of  only  43 
years".  The  aphelion  distance  is  14  times  that  of  Neptune,  or, 
more  exactly,  40,121,000,000  miles. 

The  Comet  of  1S43  (i.)  was  one  of  the  finest  that  has  appeared 
during  the  present  century.  It  was  first  seen  in  the  Southern 
hemisphere  towards  the  end  of  the  month  of  February,  and  during 
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the  first  fortnight  in  March  it  shone  with  great  brilliancy.  It  waB 
not  visible  in  England  until  after  the  15^^,  when  its  splendoar  had 
much  diminished ;  but  the  suddenness  with  which  it  made  its 
appearance  added  not  a  little  to  the  interest  which  it  excited. 
The  general  length  of  the  tail  during  March  was  about  40°,  and 
its  breadth  about  i"*.  The  orbit  of  this  comet  is  remarkable  for 
its  small  perihelion  distance,  which  did  not  exceed,  according  to 
the  most  reliable  calculations,  538,000  miles ;  and  the  immense 
velocity  of  the  comet  in  its  orbit,  when  near  the  perihelion, 
occasioned  some  extraordinary  peculiarities.  Thus  between 
Feb.  27  and  28  it  described  upon  its  orbit  an  arc  of  292^. 
Supposing  it  to  revolve  in  an  ellipse,  this  would  leave  only  68** 
to  be  described  during  the  time  which  would  elapse  before  its 
next  return  to  perihelion. 

It  has  been  thought  by  some  that  this  comet  was  identical 
with  those  of  1668  and  1689,  but  so  little  is  known jf^r  certain 
about  this  latter  that  we  are  not  yet  in  a  position  to  admit 
or  deny  the  identity  of  the  3  bodies.  In  the  work  to  which 
reference  is  made  in  the  note  the  question  is  discussed  with  great 
ability  ®. 

The  Comet  of  1858  (vi.).  On  June  %  in  that  year,  Dr.  G.  B. 
Donati,  at  Florence,  descried  a  faint  nebulosity  slowly  advancing 
towards  the  North,  and  near  the  star  A  Leonis.  Owing  to  its 
immense  distance  from  the  Earth  (240,000,060  miles),  great  diffi- 
culty was  experienced  in  laying  down  its  orbit.  By  the  middle 
of  August,  however,  its  future  course  and  the  great  increase  in 
its  brightness  which  would  take  place  in  September  and  October 
were  clearly  foreseen.  Up  to  this  time  (middle  of  August) 
it  had  remained  a  faint  object,  not  discernible  by  the  unaided  eye. 
It  was  distinguished  from  ordinary  telescopic  comets  only  by  the 
extreme  slowness  of  its  motion  (in  singular  contrast  to  its  sub- 
sequent career),  and  by  the  vivid  light  of  its  nucleus :  "  the  latter 
peculiarity  was  of  itself  prophetic  of  a  splendid  destiny."  Traces 
of  a  tail  were  noticed  on  Aug.  20,  and  on  Aug.  29  the  comet  was 

<^  £.  J.  Cooper,    Cometic   Orhih,  pp.       the  supposed  identity  of  this  comet  see 
159-69.    For  something  more  concerning      poitt,  under  the  head  of  Comet  iii.,  1883. 


DOHATI'S  OOUST:    October  6,  1868. 

(Drava  iy  Papa.) 
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DONATI'S  COIOIT :    October  9,  1668. 

{Drawn  6y  Pape.) 
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feintly  perceptible  to  the  naked  eye  ;  for  a  few  weeks  it  occupied 
a  Northern  position  in  the  heaveua,  and  it  was  therefore  seen  both 
in  the  morning  and  evening.     On  Sept.  6  a  shght  curvature  of 
the  tail  was  noticed,  which  subsequently  became  one  of  its  most 
interesting  features.     On  Sept.  i  ?  the  head  equalled  in  bright- 
Qesa  a  stai-  of  the  2"''  magnitude,  the  length  of  the  tail  being  4°. 

Fig.  15;. 
DOSATl'n   COMBT,    1858,    SEPT.    30.      (6'bij/(A.) 

The  comet  passed  through  perihelion  on  Sept.  29,  and  was  at  its 
least  distance  from  the  earth  on  (-)ct.  10.     Its  rapid  passage  to 
the  Southern  hemisphere  rendered  it  invisible  in  Europe  after  the 
end  of  October,  but  it  was  followed  at  the  Santiago-de-Chili  ant] 
Cape  of  Good  Hope  Observatories  for  some  months  afterwards 
and  was  last  seen  by  Sir  T.  Haclear  at  the  latter  place  on  March 
4,  i«59- 

"Its  early  discovery  enabled  astronomers,  while  it  was  yet 
scarcely  distinguishable  in  the  telescope,  to  predict,  some  months 

1 
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t)i»  lattf  r  part  of  its  course  afforded  also  a  fair  Bight  of  the 
ciirvaturi'  of  the  train,  which  seems  to  have  been  exhibited  with 
unuNunl  (liHtinctUL-m,  contributing  greatly  to  the  impressive  effect 
of  u  full-lungth  viow." 

Thin  ciiiiiL't,  though  tturpassed  by  many  others  in  size,  has  not 
often  Ik'kii  itquallcd  in  tho  intcnBc  brilliancy  of  the  nucleus,  which 
tho  u1u<i<nc»  of  the  Moon,  in  the  early  part  of  October,  permitted 
to  Imi  Moi'n  to  the  very  best  advantage.     There  is  iio  doubt  that__ 
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of  about  2000  years  (Stampfer,  2138^;    Lowy,   2040^;    Von 
Asten,  1879^). 

The  following  is  a  table  of  the  dimensions  of  the  comet's 
nucleus  and  tail,  at  the  undermentioned  dates  ^ : — 


Date. 

Diameter  of  Nndeiu. 

Length  of  TftiL 

1858. 

Miles 

0 

MUee. 

Jnly  19 



5     -     5600 

•  •  ■ 

Aug.  30 

6     «     4660 

a 

-      14,000,000 

S36pt«     8 

3     =      1980 

4 

-      16,000,000 

»       12 

•  ■  • 

6 

-      19,000,000 

»»        23 

3     =     1280 

5 

s     ia,ooo,ooo 

»,     25 

... 

II 

«=     17,000,000 

»    27 

«3 

18,000,000 

M     a8 

19 

«     a6,ooo,ooo 

.,     30 

22 

"     26,000,000 

Oct.     2 

•  •  • 

25 

a     27,000,000 

»       5 

1-5     =       400 

33 

-     33,000,000 

.,       6 

30     =       800 

50 

«     45,000,000 

„       8 

4*4     —     II 20 

50 

-     43,000,000 

M             10 

2-5     =       630 

60 

-     51,000,000 

M         J3 

•    ■•                       ■■•                      •*■ 

45 

-     39,000,000 

The  Comet  of  i860  (iiL).  In  the  latter  end  of  June  i860, 
a  comet  of  considerable  brilliancy  suddenly  made  its  appearance 
in  the  Northern  circumpolar  regions.  Bad  weather  prevented  it 
from  being  generally  observed  in  England,  but  in  the  South  of 
Europe  it  was  well  seen ;  copies  of  some  drawings  made  at  Rome 
are  annexed.     [Plate  XXVIIL] 

Few  comets  created  greater  sensation  than  the  Great  Comet  of 
1861  (ii.  of  that  year).  It  was  discovered  by  Mr.  J.  Tebbutt,  an 
amateur  observer  in  New  South  Wales,  on  May  13,  previous  to 
its  perihelion  passage,  which  took  place  on  June  11.  Passing 
from  the   Southern  hemisphere  into  the  Northern,  it  became 


'  G.  P.  Bond,  Math.  Month,  Mag., 
Botton,  U.a,  Nov.  and  Dec.  1858.  Mr. 
Bond  lalMeqnently  published  m  magni- 


ficent memoir  on  thii  comet  in  vol.  ii.  of 
the  Anmali  of  the  Harvard  College  Ob- 
servatory.   Cambridge,  Man.,  1862. 
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visible  in  this  country  on  Jane  29,  though  it  was  not  gencorally 
seen  till  the  next  evening.  So  many  accounts  of  it  were  pmln 
lished  that  selection  is  difficult,  but  the  following  pages  will 
be  found  to  contain  an  epitome  of  the  most  noticeable  feaimes*. 
Sir  J.  Herschel  observed  it  in  Kent.    He  says : — 


«i 


'Tlie  oomet,  which  wm  first  noticed  here  on  Saturdajf  night,  Jime  spy  ^  » 
resident  in  the  Tillage  of  Hawkhorst  (who  informs  me  that  his  attention  wm  dnNm 
to  it  by  its  being  taken  by  some  of  his  family  for  the  Moon  rising),  beoamt  eon- 
spioooosly  visible  on  the  30^1^,  when  I  first  observed  it.  It  then  hx  oxeeedsd  i& 
brightness  any  comet  I  have  before  observed,  those  of  1811  and  the  recent  iipliSiiMHd 
one  of  1858  not  excepted.  Its  total  light  certainly  far  surpassed  that  of  any  fixed 
star  or  planet,  except  perhaps  Venus  at  its  maximum.  Tlie  tail  extended  firom  ito 
then  position,  about  8  or  10°  above  the  horizon,  to  within  10  or  la^  of  the  Pol»-flter, 
and  was  therefore  about  30°  in  length.  Its  greatest  breadth,  which  dimlniriied 
rapidly  in  receding  from  the  head,  might  be  about  5^.  Viewed  through  »  good 
achromatic,  by  Peter  DoUond,  of  a)-inches  aperture  and  4-feet  focal  longlhv  H 
exhibited  a  very  condensed  central  light,  which  might  fairly  be  called  a  muditai ; 
but,  in  its  then  low  situation,  no  other  physical  peculiarities  could  be  observed.  On 
the  I**  instant  it  was  seen  early  in  the  evening,  but  before  I  could  bring  a  telaioopo 
to  bear  on  it  clouds  intervened,  and  continued  till  morning  twilight.  On  tlie  a"' 
(Tuesday),  being  now  much  better  situated  for  observation,  and  the  night  bciig 
clear,  its  appearance  at  midnight  was  truly  magnificent.  The  tail,  oonsideriabljr 
diminished  in  breadth,  had  shot  out  to  an  extravagant  length,  extending  firam  tlw 
place  of  the  head  above  o  of  the  Great  Bear  at  least  to  w  and  p  Herculis  ;  that  is  to 
say,  about  72°,  and  perhaps  somewhat  further.  It  exhibited  no  bifurcation  or  latend 
ofisets,  and  no  curvature  like  that  of  the  comet  of  1858,  but  appeared  rather  as  a 
narrow  prolongation  of  the  Northern  side  of  the  broader  portion  near  the  comet  than 
as  a  thinning  off  of  the  latter  along  a  central  axis,  thus  imparting  an  unsymmetrical 
aspect  to  the  whole  phenomenon. 

'*  Viewed  through  a  7-feet  Newtonian  reflector  of  6-inches  aperture  the  nnolens 
was  uncommonly  vivid,  and  was  concentrated  in  a  dense  pellet  of  not  more  than  4^ 
or  5"  in  diameter  (about  315  miles).  It  was  round,  and  so  very  little  vtooUy  that  it 
might  almost  have  been  taken  for  a  small  planet  seen  through  a  dense  fog ;  still  so 
far  from  tharp  definition  as  to  preclude  any  idea  of  its  being  a  solid  body.  No 
sparkling  or  star-light  point  could,  however,  be  discerned  in  iU  centre  with  the  power 
used  (96),  nor  any  separation  by  a  darker  interval  between  the  nucleus  and  the 
eometic  envelope.  The  gradation  of  light,  though  rapid,  was  continuous.  Neither  on 
this  occasion  was  there  any  n/nequivocal  appearance  of  that  sort  of  taxi  or  sector  of 
light  which  has  been  noticed  on  so  many  former  ones. 

"  The  appearance  of  the  y^  was  nearly  similar,  but  on  the  4^^  the  fan,  though 
feebly,  was  yet  certainly  perceived  ;  and  on  the  5^^  was  very  distinctly  visible.  It 
consbted,  however,  not  in  any  vividly  radiating  jet  of  light  from  the  nucleus  of  any 
well-defined  form,  but  in  a  crescent-shaped  cap  formed  by  a  very  delicately  graduated 
condensation  of  the  light  on  the  side  towards  the  Sun,  connected  with  the  nucleus, 

*  By  far  the  most  complete  account  is  that  by  the  Rev.  T.  W.  Webb  in  the  Month, 
Not,  vol.  xxii.  p.  305.  1 86a. 
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and  what  may  be  termed  the  coma  (or  spherical  haze  immediately  Burrounding  it),  by 
an  equally  delicate  graduation  of  light,  very  evidently  superior  in  intensity  to  that 
on  the  opposite  side.  Having  no  micrometer  attached,  I  could  only  estimate  the 
distance  of  the  brightest  portion  of  this  crescent  finom  the  nucleus  at  about  /  or  8', 
corresponding  at  the  then  distance  of  the  comet  to  about  35,000  miles.  On  the  4^ 
(Thursday)  the  tail  (preserving  all  the  characters  already  described  on  the  2^)  passed 
through  a  Draoonis  and  r  Herculis,  nearly  over  17  and  c  Heroulis,  and  was  traceable, 
though  with  difficulty,  almost  up  to  a  Ophiuchi,  giving  a  total  length  of  So*'.  Hie 
northern  edge  of  the  tail,  from  a  Draconis  onwards,  was  perfectly  straight, — not  in 
the  least  curved, — which,  of  course,  must  be  understood  with  reference  to  a  great 
circle  of  the  heavens. 

''  Viewed,  on  the  5^,  through  a  doubly  refracting  prism  well  achiomatised,  no 
certain  indication  of  polarisation  in  the  light  of  the  nucleus  and  head  of  the  comet 
could  be  perceived.  The  two  images  were  distinctly  separated,  and  revolved  round 
each  other  with  the  rotation  of  the  prism  without  at  least  any  marked  alternating 
difference  of  brightness.  Calculating  on  Mr.  Hindis  data,  the  angle  between  the  Sun 
and  earth  and  the  comet  must  then  have  been  104°,  giving  an  angle  of  incidence 
equal  to  52°,  and  obliquity  38°,  for  a  ray  supposed  to  reach  the  eye  afUr  a  tingle 
reflection  from  the  cometic  matter.  This  is  not  an  angle  unfavourable  to  polarisa- 
tion, but  the  reverse.  At  66*^  of  elongation  ftom  the  Sun  (which  was  that  of  the 
comet  on  the  occasion  in  question),  the  blue  light  of  the  sky  is  very  considerably 
polarised.  The  constitution  of  the  comet,  therefore,  is  analogous  to  that  of  a  doud  ; 
the  light  reflected  from,  which,  as  is  well  known,  at  that  (or  any  other)  angle  of 
elongation  from  the  Sun,  exhibits  no  signs  of  polarity." 

Hind  stated  that  he  thought  it  not  only  possible,  but  even 
probable,  that  in  the  course  of  Sunday,  June  30^  the  Earth  passed 
through  the  tail  of  the  comet  at  a  distance  of  perhaps  two-thirds 
of  its  length  from  the  nucleus.  The  head  of  the  comet  was  in  the 
ecliptic  at  6  p.m.  on  June  a8,  at  a  distance  from  the  Earth's  orbit 
of  13,600,000  miles  on  the  inside,  its  longitude,  as  seen  from  the 
Sun,  being  279""  1'.  The  earth  at  that  moment  was  2°  4^  behind 
that  point,  but  would  arrive  there  soon  after  10  p.  m.  on  Sunday, 
June  30.  The  tail  of  a  comet  is  seldom  an  exact  prolongation  of 
the  radius  vector,  or  line  joining  the  nucleus  with  the  Sun; 
towards  the  extremity  it  is  almost  invariably  curved ;  or,  in  other 
words,  the  matter  composing  it  lags  behind  what  would  be  its 
situation  if  it  travelled  with  the  same  velocity  as  the  nucleus. 
Judging  from  the  amount  of  curvature  on  the  30***,  and  the  direc- 
tion of  the  comet's  motion.  Hind  thought  that  the  Earth  very 
probably  encountered  the  tail  in  the  early  part  of  that  day,  or,  at 
any  rate,  that  it  was  certainly  in  a  region  which  had  been  swept 
over  by  the  cometary  matter  but  a  short  time  previously.- 
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In  connexion  with  this  subject,  he  added  that  on  the  evening  of 
June  30,  while  the  comet  was  so  conspicuous  in  the  northern 
heavens,  there  was  a  peculiar  phosphorescence  or  illumination  of 
the  sky,  which  he  attributed  at  the  time  to  an  auroral  glare ;  it 
was  remarked  by  other  persons  as  something  unusual,  and,  con- 
sidering how  near  we  must  have  been  on  that  evening  to  the  tail 
of  the  comet,  it  may  perhaps  be  a  point  worthy  of  consideration 
whether  such  an  effect  might  not  be  attributable  to  this  proximity. 
If  a  similar  illumination  of  the  heavens  had  been  remarked  gener^ 
ally  on  the  Earth's  sur£a,ce  it  would  have  been  a  very  significant 
fact. 

Mr.  Lowe,  of  Highfield  House,  confirmed  Mr.  Hind's  state- 
ment of  the  peculiar  appearance  of  the  heavens  on  Jane  30. 
The  sky,  he  says,  had  a  yellow  auroral  glare-like  look,  and  the 
Sun,  though  shining,  gave  but  feeble  light.  The  comet  was 
plainly  visible  at  a  quarter  to  8  o'clock  (during  sunshine),  while 
on  subsequent  evenings  it  was  not  seen  till  an  hour  later.  In 
confirmation  of  this,  he  adds  that  in  the  Parish  Church  the  vicar 
had  the  pulpit  candles  lighted  at  7  o'clock,  which  proves  that  a 
sensation  of  darkness  was  felt  even  while  the  Sun  was  shining. 
Though  he  was  not  aware  that  the  comet's  tail  was  surrounding 
our  globe,  yet  he  was  so  struck  by  the  singularity  of  the  appear- 
ance,  that  he  recorded  in  his  day-book  the  following  remark : — 
"  A  singular  yellow  phosphorescent  glare,  very  like  diffused  Aurora 
Borealis,  yet,  being  daylight,  such  Aurora  would  scarcely  be 
noticeable."  The  comet  itself,  he  states,  had  a  much  more  hazy 
appearance  than  at  any  time  after  that  evening. 

De  La  Rue  attempted  to  photograph  the  comet.  After  3 
minutes'  exposure  in  the  focus  of  his  13-inch  reflector  the  comet 
had  left  no  impression  upon  a  sensitised  collodion  plate,  although 
a  neighbouring  star,  ir  Ursse  Majoris — close  to  which  the  comet 
passed  on  the  night  of  July  2 — left  its  impression  twice  over, 
from  a  slight  disturbance  of  the  instrument.  De  La  Rue  also, 
at  that  time,  fastened  a  portrait  camera  upon  the  tube  of  his 
telescope,  and,  with  the  clock  motion  in  action,  exposed  a 
collodion  plate  for  15  minutes  to  the  open  view  of  the  comet  with- 
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out  any  other  effect  than  the  general  blackening  of  the  surface  by 
the  skylight,  together  with  impressions  of  several  fixed  stars  in 
the  neighbourhood. 

Respecting  the  polarisation  of  the  light  of  the  comet,  Secchi 
said; — 

**  The  most  interesting  fact  I  observed  was  this :  the  poUurisation  of  the  light  of  the 
comet*s  tail  and  of  the  rays  near  the  nadeos  was  very  strong,  and  one  oould  even 
distinguish  it  with  the  band  polariscope;  but  the  nucleus  presented  no  trace  of 
polarisation,  not  even  with  Arago*8  polariscope  with  double  coloured  image.  On  the 
contrary,  on  the  evenings  of  July  3,  and  following  days,  the  nucleus  presented 
decided  indications,  in  spite  of  its  extreme  smallnees,  which,  on  the  evening  of  July  7, 
was  found  to  be  hardly  i". 

"  I  think  this  a  fact  of  great  importance,  for  it  seems  that  the  nucleus  on  the 
former  days  shone  by  its  own  light,  perhaps  by  reason  of  the  incandescence  to  which 
it  had  been  brought  by  its  close  proximity  to  the  Sun. 

**  During  the  following  days  the  tail  has  been  constantly  diminishing,  but  it  is 
remarkable  that  it  has  always  passed  near  to  a  Herculis,  and  that  it  reached  to  the 
Milky  Way  up  to  July  6.  It  would  seem  that  the  two  tails  were  nearly  independent, 
and  that  on  July  5  the  length  and  straightnees  had  gone  off  from  the  large  one^  and 
that  this  bent  itself  to  the  southern  side.  Last  night  (Jaly  7)  the  long  train  was 
hardly  perceptible.    The  light  was  polarised  in  the  plane  of  the  tail.** 

Observations  on  the  polarisation  of  the  light  of  the  comet  were 
also  made  by  M.  Poey,  at  Passy.  This  gentleman  observed  the 
polarisation  in  Donati's  comet  at  Havannah  in  1 858,  in  which  case 
the  light  was  polarised  in  a  plane  passing  through  the  Sun,  the 
comet,  and  the  observer ;  but,  in  the  case  of  the  present  comet, 
**  the  plane  of  polarisation  seemed  to  pass  sensibly  perpendicular 
to  the  axis  of  the  tail,"  which,  he  thought,  might  have  been  owing 
to  atmospheric  refraction. 

The  comet  of  i86a  (iii.),  though  not  one  of  first-class  brilliancy, 
was  nevertheless  a  very  interesting  object,  particularly  on  account 
of  the  fact  that  a  jet  of  light,  frequently  altering  in  form,  was  ob- 
served for  a  long  time  to  emanate  from  its  nucleus.  Annexed  ai*e 
some  views  drawn  by  the  late  Prof  Challis  of  Cambridge.  This 
comet  had  a  tail,  which,  on  Aug.  27,  was  20""  long. 

The  comet  of  1864  (ii.),  visible  in  August,  had  a  head  unusually 
large,  scarcely  less  than  \"  in  diameter.  To  the  naked  eye  it 
resembled  on  the  4*^  of  that  month  a  dull  blurred  star  of  the 
3^^  magnitude,  but  in  the  telescope  it  appeared  as  a  cii^cular  mass 
of  nebulous  matter  with  a  central  condensation  very  similar  to  the 
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moHt  favourable  night  during  its  appearance,  when  its  poaiuon 
in  Uio  heavens,  its  contiguity  to  the  Earth,  and  the  absence 
of  twilight  are  jointly  taken  into  considoration.  The  Southward 
motion  of  the  comet  was  so  rapid  that  on  July  14  the  presei 
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of  twilight  greatly  interfered  with  the  details  shown  in  the 
drawing.  The  following  description  is  from  the  pen  of  Mr. 
F.  Brodie : — 

**  The  head  of  the  comet  presented  the  great  peouliarity  of  having  two  eooentric 
envelopes  in  addition  to  the  ordinary  bright  envelope  immediately  sorrounding  the 
nadeiis.  The  first  envelope  was  a  bright  and  sharply  defined  semioiide  surrounding 
the  nndeos :  the  two  eccentric  envelopes  were  nearly  as  bright,  and  also  very  sharply 
defined,  also  semicircular,  having  their  centres  placed  (about)  on  the  edge  of  the  first 
envelope,  and  intersecting  each  other.  The  second  centrical  envelope  just  embraced 
both  these  eccentric  envelopes,  and  was  about  half  the  width  of  the  nebulous  head  of 
the  comet.  Between  this  second  envelope  and  the  ill-defined  outline  of  the  head  (that 
is,  between  e  and  g)  there  were  faintly  marked  outlines  of  other  concentric  envelopes. 
The  nucleus,  which,  according  to  Hind,  was  4000  miles  in  diameter,  appeared  to  be 
somewhat  flattened  on  the  side  opposite  to  the  Sun.  From  this  side  also  the  head  of 
the  comet  divided  itself  into  two  distinct  parts  forming  the  commencement  of  the  tail : 
for  some  distance  this  bifurcation  was  remarkably  sharply  defined,  suggesting  an 
intense  repulsive  force  acting  upon  the  nucleus  of  the  comet ;  and  the  space  enclosed 
between  this  bifurcation  was  strikingly  free  from  nebulous  matter,  until  at  some  little 
distance  away  from  the  nucleus  the  sharp  definition  faded  into  the  general  nebulosity 
of  the  taU.** 

The  following  remarks  ^  on  this  comet  are  by  two  French  ob- 
servers, MM.  Wolf  and  Rayet :  — 

*'  After  having  maintained  for  many  days  a  great  sameness  of  form,  on  June  22  a 
series  of  changes  in  the  shape  of  the  head  of  th^  comet  commenced.  On  that  day  the 
comet,  viewed  with  a  Foucault  telescope  of  40  centimetres,  appeared  to  be  enclosed  in 
the  interior  of  a  very  elongated  parabola.  Starting  from  the  nucleus,  which  was 
placed  as  it  were  at  the  focus  of  the  curve,  the  brightness  decreased  gradually 
towards  the  summit :  but  in  the  interior  of  the  parabola  the  diminution  of  the  bright- 
ness was  sudden,  and  the  boundary-line  exhibited  another  parabola  a  little  more  open 
than  the  first,  and  having  at  its  own  summit  the  brilliant  nucleus  itself.  The  outline 
of  the  parabola  which  passed  through  the  nucleus  was  prolonged  so  as  to  form  the 
lateral  boundaries  of  the  tail,  the  edges  of  which  were  well  defined  and  were  much 
brighter  than  the  interior  parts.  This  tail  had  then  the  appearance  of  a  luminous 
envelope  hollow  in  the  inside.  The  nucleus  was  always  very  sharp.  On  July  1  the 
general  form  of  the  comet  remained  the  same ;  it  appeared  always  to  possess  a  para- 
bolic outline  at  its  exterior  edge.  The  nucleus  however  jutted  out  into  the  interior 
of  the  second  parabola,  and  the  opposite  margins  of  the  tail  were  not  strictly 
symmetrical.  The  West  side,  that  is  t«)  say  the  side  which  had  the  greatest  RA.,  was 
very  sensibly  brighter  than  the  other.  .  .  .  From  July  5,  the  want  of  symmetry  spoken 
of  above  became  more  and  more  marked,  and  near  the  head  the  decrease  of  the 
brightness  became  less  regular.  On  July  7,  the  contrast  between  the  two  branches 
was  striking,  the  Western  branch  of  the  tail  being  about  twice  as  bright  as  the 
Eastern.  At  the  same  time  the  nucleus  appeared  to  be  becoming  diffused,  and 
it  teemed  to  fade  away  in  the  direction  of  the  head  of  the  comet,  although  still 

'  Translated  for  this  work  from  Gnillemin*s  Cam^e$f  p.  293. 
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sharply  defined  on  the  side  nearest  the  tail ;  one  could  not  fail  to  remark  its  resem- 
blance  to  an  open  fan.  .  .  .  Our  last  observation  of  the  oomet  was  made  on  July  14  at 
9.30  P.if . :  important  changes  in  the  aspect  of  the  head  had  manifested  themselves. 
The  fan  of  light  had  disappeared  on  the  West  side,  and  was  replaced  by  a  long  spur 
of  light  which  was  traceable  for  a  considerable  distance  across  the  head ;  on  the  West 
side  the  remnant  of  the  fan  terminated  abruptly,  and  the  boundary-line  there  made 
but  a  small  angle  with  the  main  axis  of  the  comet.  On  this  same  occasion  two  rays 
of  light  were  visible — two  jets  as  they  might  be  deemed — ^thrown  forwards,  the  one 
to  the  right  and  the  other  to  the  left ;  these  luminous  rays  seemed  to  have  their  origin 
at  the  edge  of  the  fan  of  which  they  formed  a  sort  of  prolongation.  The  ray  which 
pointed  towards  the  East  projected  well  forwards,  and  being  bent  round  towards  the 
tail  soon  reached  the  preceding  edge  of  the  comet ;  it  was  faint  and  hardly  surpassed 
the  nebulosity  in  brilliancy.  The  ray  projected  towards  the  West  was  much  more 
brilliant,  and  was  similarly  bent  round  towards  the  tail,  which  it  assisted  in  providing 
with  a  bright  exterior  edge.** 

On  July  13,  the  comet  was  35,000,000  miles  from  the  Earth, 
and  although  it  approached  to  within  26,000,000  miles  on  July  2 1 , 
it  was  then  too  nearly  in  Conjunction  with  the  Sun  to  be  seen. 
The  tail  was  calculated  by  Hind  to  have  increased  in  actual 
length  from  4,000,000  miles  on  July  3  to  25,000,000  miles 
on  July  19,  augmenting  in  angular  length  from  4^  to  upwards  of 
43°.  On  the  evening  on  which  Mr.  Brodie*s  sketch  was  taken 
the  tail  appeared  to  be  rather  arched  towards  the  western  horizon, 
and  could  be  traced  by  the  naked  eye  for  nearly  20°.  This 
comet  certainly  revolves  in  an  elliptic  orbit,  but  the  period 
is  long.  Geelmuyden's  value  is  10,445^;  Seyboth*s,  5711^.  In 
either  case  the  semi-axis  major  must  be  some  300  or  400  times 
the  Earth's  mean  distance  from  the  Sun. 

The  comet  of  1882  (iii.)  was  in  some  respects  one  of  the  most 
remarkable  of  modem  times.  It  was  conspicuously  visible  to 
the  naked  eye  for  some  weeks  in  September,  and  altogether 
remained  in  sight  for  the  long  period  of  9  months ;  but  these 
facts,  though  noteworthy,  would  not  have  called  for  any  special 
remark  had  not  other  peculiarities  been  forthcoming  to  distin- 
guish this  comet  from  almost  all  others.  Briefly  stated,  its 
special  features  were,  that  the  head  underwent  changes  in  the 
nature  of  disruptions ;  that  the  tail  may  have  been  tubular ; 
tbat  the  extremity  of  the  tail  was  not  only  bifid  but  totally 

^<i|ymmetiioal ;  and  that  on  one  occasion  the  comet  seems  to  have 
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thrown  off  a  mass  of  matter  which  became,  and  for  several  days 
was  observed  as,  a  distinct  comet. 

Many  observers  noticed  the  changes  which  took  place  in  the 
nucleus  and  head.     Prince  said : — 

"Oct.  13.  I  raotd  notice,  howGTer.  that  there  vm  n  {le<'ide<i  chaDge  in  the 
■ppearuice  of  the  nncleiu.  Instead  of  being  oF  m  oval  ehRpe,  it  had  beoomc  a  long 
flicliGring  column  of  light  in  the  direction  of  the  tail." 

"  Oct.  JO.— I  noticed,  however,  at  once,  that  a  still  further  change  bad  occurred  in 
the  nucleus  einoe  the  13th,  which  auiounted,  in  fact,  to  its  disruption  into  at  least 

"October  13.— The  disruption  of  the  nuclsua  which  I  had  noticed  on  the  30th  wai 
BOW  fullf  apparent.  Tlie  nuclenn  proper  had  bocouie  quite  linear,  having  apon 
it  the  4  distinct  points  of  condensation  which  I  have  endeavoured  t- 
the  lubjoined  iketch. 

Fig.  113. 


I 


'  It  munt  be  undertitood  that  the  accompanying  woodcut  ia  to  be  ci>nsidered  rather 
1  diagram  of  the  head  of  the  comet  than  an  a  view  of  what  I  actually  observed, 
and  that  the  potnti  in  question  are  somewhat  exaggerated  in  siie,  as  well  as  the  linear 
character  of  the  nucleus  itself.  I  found  it  was  Ter;  difficult  to  represent,  bj  means 
of  a  wood-block,  such  a  nebulous  object ;  but  I  think  it  will  serve  to  illustrate  (he 
nature  of  the  wonderful  disruiition,  and  the  relative  distance  of  the  several  portions 
infer  «e :  a  was  the  most  dilfioult  portion  to  discern ;  6  was  by  far  the  brightest  of 
all ;  c  was  conaiderablj  less  bright  than  &  ;  and  d  was  nearly  as  faint  an  object  a«  a. 
and  not  quite  so  large.  The  linear  nucleus,  with  these  points  of  condensation  upon 
it.  was  surrounded  by  a  distinct  oblong  coina,  which  was  rounded  off  at  the  lower 
eitremily,  while  the  upper  portion,  following  the  direction  of  the  tail,  terminated 
more  decidedly  in  a  point.  Mr.  G.  J.  Symons,  F.R.S.,  was  with  nie  in  the  observa- 
tory, and  his  iropression  was  that  there  we™  _fire  points  of  condensation,  and  he 
remarked  that  '  the  nucleus  was  like  a  string  of  beads.'  At  intervals  I  tliaught 
there  ipiu  anutfaer  potnt  of  light  between  b  and  e,  bat  as  I  oould  not  absolutely 
Mtisfy  myself  of  its  objeetivs  existeiMe,  I  have  only  represented  the  fonr  portions,  of 


[Book  J 


the  preKDce  of  whiuli  I  eDUTtained  no  doabt  wbataTor.     Bath  Hr.  Sjaeaa  i 
myiclf  patrticulsrlj  nntii:«d  Uie  freqaeut  Hickeriiig  of  Oie  lig^t  of  the  nnoleai.  which 


■ppvent  both  to  the  naked  eye  hi 


a  ths  teleaoope  '■' 


J.  F.  J.  Schmidt  published  a  sketch  of  the  nucleus,  as  seen  by 
himself,  which  is  not  unlike  Prince's,  and  having  seen  the  latter 
he  refers  to  it  as  a  good  representation  of  what  he  saw  himself^ 
He  noticed  a  vibratory  motion  in  the  fan"". 

The  tubular  character  of  the  comet's  tail  was  sugj 
Tempel,  who  brought  out  the  idea  in  some  striking  sketches  (i 
mitted  by  him  to  the  Royal  Astronomical  Society,  accompanied 
for  comparison's  sake,  by  a  drawing  of  the  appearance  of  two 
hollow  glass  cylinders  as  seen  in  the  focus  of  an  eye-piece'. 

The  peculiar  conformation  of  the  extivmity  of  the  twl  of  U 
comet  will  be  sufficientlyindicatt'd  by  the  accompany  ingw 


Most  observers  noticed  this  feature,  which  though  rare  as  resp^ 
the  cometa  of  the  last  half  century  may  be  conceived  to  be  t 
shape   meant  by  old  writers  when  they  speak  (as  they  ( 
do)  of  having  seen  a  comet  resembling  in  form  a  ' 
Mcy  miter.' 

Mr.  Hopkins  himself  likened  the  general  form  of  the  tail  to 
the  Greek  letter  y. 


•  «<n>M.A'or..  vol.  xlili.  p.  S5, .]  an.  iS)i,i. 

•"  All.  Ifaei.,  ™l.  0*.  No.  I^99,  Maroh 

19,  18K3;    Obttrralorn,  Tol.  iri.  p.   157, 


'  Xoafi.  Mol.,  voL  iliii.  p.  311,  April 

IS  J. 

'  Mo,,lh.  A'u/.,  v(iL  xliU.  {I.  t/a,  Jam. 
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The  last  physical  peculiarity  of  the  great  comet  of  1882,  to  be 
referred  to,  ite  throwing  off  a  mass  of  matter  which  became  a 
satellite  comet,  was  recorded  by  Schmidt  at  Athens  and  Barnard 
and  Brooks  in  America.    Perhaps  it  is  going  beyond  the  Inti- 


mate limits  of  the  available  evidence  to  speak  quite  as  plainly 
as  this,  but  the  fact  is  clear  that  Schmidt  s&w  on  Oct.  9  and 
on  2  or  3  later  days  a  nebulous  mass  in  the  neighbourhood 
of  the  comet,  which  calculation  indicated  was  cometAry  matter 
moving  round  the  Sun  in  an  orbit  considerably  rerfeinbling  the 
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orbit  of  the  comet.  Brooks's  observation  was  made  on  Oct.  21 : 
what  he  saw  was  a  nebulous  mass  on  the  opposite  side  of  the 
comet  to  Schmidt*s  mass^  With  the  evidence  before  us  of  what 
happened  in  1846  in  the  case  of  Biela's  comet  it  is  impossible  not 
to  draw  the  inference  that  the  nebulous  mass  (or  masses)  was  or 
had  been  a  part  of  the  comet  itself;  and  this  theory  becomes 
much  strengthened  when  read  in  the  light  of  the  dismptive 
changes  which  the  condition  of  the  nucleus  underwent,  aocording 
to  the  testimony  of  Prince  and  others,  as  above  mentioned. 

Even  the  orbit  of  the  comet  of  1882  has  greatly  puzzled  astro- 
nomers. It  was  found  (see  Catalogue  L,  post)  that  the  elements 
thereof  closely  resembled  those  of  the  comet  of  1880  (L),  often 
spoken  of  as  the  '^  great  Southern  comet  of  1880."  This  in  torn 
was  considered  to  be  a  comet  moving  in  an  elliptic  orbit  with  a 
period  of  about  37  years  and  to  be  in  fact  a  return  of  the  celebrated 
comet  of  1843  which  caused  such  a  sensation  in  the  March  of 
that  yeai*.  It  remains  still  a  moot  point  what  is  the  inter- 
pretation to  be  put  upon  these  orbital  resemblances.  The 
question  is  a  very  speculative  one,  and  it  does  not  seem  profitable 
to  discuss  the  matter  more  fully  at  present,  except  to  record  the 
suggestion  that  the  4  great  comets  of  1 843, 1 880, 1 882^  and  1 887  (L) 
had  at  some  past  time  a  common  origin,  but  by  some  process  of 
disintegration  the  original  mass  has  yielded  fragments,  which 
pursuing  slightly  different  paths,  arrive  at  perihelion  at  irregular 
intervals  ". 

Gen.  G.  H.  Willis  observed  the  comet  at  sea  70  miles  E. 
of  Gibraltar  on  Oct.  19  at  5  a.m.,  with  the  air  extremely  dear 
and  the  wind  calm.  He  says  that  in  appearance  the  comet  was 
so  "extremely  delicate,  light  and  airy  that  it  would  be  almost 
impossible  to  depict  it  on  paper."  The  engraving  [Plate  XXXIH] 
is  a  French  reproduction  of  the  original  English  lithograph  °. 

>  Sidtreal  3/e<wtfiiy<T,  vol.  ii.  p.  149,  3535,  Aug.  31,  1883  (Hartwig)  ;  vol.  cWi. 

Aug.  1883.  No.  2550,  Oct.  31,  1883  (^Peters);  M(mtk, 

>"  Month.  Not.,  vol.  xliii.  p.  108,  Feb.  iW.,   vol.   xliii.    p.    288,    March    1SS3 

1883.     Month.  Sot.,  vol.  xlviii.  p.  199,  (Brett). 

Feb.  1888.     For  various  drawings  of  the  »  Month.  Xot.,  vol.  xliv.  p.  86,  Jan. 

comet  of  1 88  a  see  Ast.  Nach. ,  vol.  civ .  No.  1 S84. 
2489, Feb.  5, 1883  (Barnard);  vol.ovi.No. 


iltrawH  by  Om.  if.  U.  WillU.) 


A 


Ceap.  Ill  ] 


Remarkable  Comets. 


481 


With  reference  to  Holdeo's  sketches  dated  October  13  and 
October  17,  it  may  be  remarked  that  3  of  the  nadei  seen  by 
Holden  were  seen  by  Cnils  at  Bio  de  Janeiro,  at  the  inter- 
mediate date  of  October  15.    Cruls  found  these  ouolei  to  resemble 


stars  of  the  7"'  and  8"*  magnitudes  respectively,  the  distance 
between  them  being  6|".  He  was  further  led  to  r^;ard  the 
peculiar  appearance  of  the  tail  aa  being  really  due  to  2  tails,  one 
superposed  upon  the  other,  each  connected  with  a  nacleus  of  its 
own,  independent  of  the  other. 

Sawerthal's  comet  of  i8tt8  exhibited  on  Uarch  27  a  triple 
nucleus  not  unlike  that  of  the  great  comet  of  1882°. 

»  LttMr  of  M .  Cnili  in  Atl.  Ifaei.,  vol.  ciii.  No.  1841,  Hkj  16,  iStftl. 
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CHAPTEK    IV. 


CERTAIN  STATISTICAL  INFORMATION  RELATING 

TO  COMETS. 


Dtmensums  of  the  NuoUi  qf  ComeU, — Of  the  Coma. — ComeU  eaniraei  and  expamd 
on  approaching  to,  and  receding  from,  the  Sun. — Exemptified  by  JSncke^i  in 
1838. — Lengthe  of  the  Tails  of  Comete. — DimeneUme  of  Cometary  orhits. — 
Periods  of  Comets, — Number  of  Cornels  recorded. — Duration  of  visibility  of 
Comets. —  Unknown  Comet  found  recorded  on  a  photograph  of  the  EtUpse  of  the 
Sun  of  May  17,  188  a. 

rf^HE  following  are  the  real  diameters  %  in  English  miles,  of 
-^  the  nuclei  of  some  of  the  comets  which  have  been  satis- 
factorily measured^  within  the  last  hundred  years: — 


ExwmpUs  qfa  Large  NucUus, 

The  Comet  of  1845  (iii.) 

Donati*!  Comet,  1858      

The  Comet  of  1815 

The  Comet  of  1835  (iv.) 


Mileik 
8000 

5300 
5100 


JSzumpfef  o/a  Small  NucUvs. 

The  Comet  of  1798  (i.)    

The  Comet  of  1806 

The  Comet  of  1798  (ii.) 

TheCometof  1811  (i.)    


MUes. 
38 

30 
125 

428 


*  AU  the  dimemnons  in  miles  in  this 
chapter  depend  on  the  old  value  of  the 
Son's  parallax.  They  need  to  be  aug- 
mented by  about  ^V  ^  accommodate  them 
to  what  is  now  regarded  as  the  probable 
amount  of  the  Sun's  parallax.  This  has  not 
however  been  done  because  aU  cometary 
measures  are  so  uncertain  that  to  give 
predse  values  in  miles  is  affectation. 


^  This  is  in  truth  a  very  ambiguous 
expression,  for  when  one  considers  the 
erratic  motions  of  comets,  the  difficulty 
of  ascribing  definite  boundaries  to  them, 
and  the  risk  of  error  on  the  part  oi 
observers  owing  to  peculiarities  of  tele- 
scope and  weather,  it  will  be  readily 
understood  how  easy  it  is  to  make  serious 
mistakes. 
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The  dimensions  of  the  roma,  or  heads,  of  comets  also  vary 
greatly,  thus : — 


ExampUt  qfa  Larffe  Coma, 

Miles. 
TheComet  of  1811  (i.1    ...   1,135,000 
Halley's  Comet,  1835  357,«>o 

Enoke's  Comet,  i8a8      ...      313,000 


Examptei  a^a  Small  Coma. 

The  Comet  of  1847  (v.) 
The  Comet  of  1847  (i.). . .     . 
The  Comet  of  1849  (ii.) 


Miles. 
18,000 

5i/>oo 


It  should  be  remarked  that  the  i*eal  dimensions  of  comets  are 
found  to  vary  greatly  at  different  periods  of  the  same  apparition, 
for  there  is  no  doubt  that  many  of  these  bodies  contract  as  they 
approach  the  Sun,  and  expand  again  as  they  recede  from  it — a 
fact  first  noticed  by  Kepler  in  the  case  of  the  great  comet  of  161 1 . 

The  following  measurements  of  Encke*s  comet  in  1838,  when 
approaching  the  Sun,  will  illusti*ate  this : — 


Date. 

Diameter. 

DisteDoe 
fromQ. 

183S. 

Mile*. 

Oct.    9     . 

381,000*1 

1.43 

M   n  . 

••*          '■            ••-          •••          ■■.          •••          ••• 

130,500 

i<i9 

Nov.  6     .. 

1 

79,000 

I-OO 

..     13    .. 

74,000 

0.88 

»     16     .. 

•■•          •••          •••          ••■          ••■          •■•          ••• 

1 

63,000 

0-83 

.,     30    .. 

1 

1 

55»5oo 

0.76 

M          33         . 

38,500 

0-71 

M      H 



30,000 

0-69 

Dec.  12   ... 

...     ••■     •••     •.      ...     ...     ... 

6.600 

0.39 

,»     14 



5.400 

0.36 

„     16    .. 

1 

4*250 

0-35 

„     17 

•••          •■•          •••          •■>          ••■          •••          •■• 

3»ooo 

0-34 

Another  point  of  considerable  interest  in  regard  to  the  dimen- 
sions of  comets  is  raised  by  the  question,  *  Do  they  waste  away?  * 
and  it  seems  that  the  answer  to  this  must  be  in  the  affirmative. 
It  has  been  supposed  that  Halley*s  comet  as  described  by  con- 
temporary writers  1500  or  more  years  ago  was  possessed  of  a 
much  larger  and  more  brilliant  tail  than  it  has  exhibited  during 
the  last  2  centuries.  And  probably  there  is  some  significance 
in  the  fact  that  none  of  the  well-known  short-period  comets  are 

I  i  2 
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noted  for  tails  or  ever  exhibit  more  than  what  may  be  called 
apologies  for  tails. 

The  tails  of  comets,  more  especially  of  those  visible  to  the 
naked  eye,  are  often  of  stupendous  length,  as  the  following  table 
will  show : — 


The  Comet  of  1744 

The  Comet  of  i860  (iii.)  . 

The  Comet  of  1861  (ii.)  . 

TheC^imet  of  1769 

The  Comet  of  1858  (vi.)  . 

The  Gremt  Comet  of  1618 

The  Comet  of  1680 

The  Comet  of  181 1  (i.)     . 

The  Comet  of  1 8z  i  (ii. )    . 

TheCometof  1843  (i.)     . 


Greatest  Lengtii. 

...        34°  = 

...        15  = 

...      105  = 

97  = 

50 

...     104  = 

.       60  = 

...      25  = 

•  •      37  = 

65  = 


Milea. 

19,000,000 

22,000,000 

34,000,000 

40,000,000 

42,000,000 

50,000,000 

100,000,000 

100,000,000 

130,000,000 

300,000,000 


Cometary  orbits  are  usually  of  immense  extent.     Thus : — 

I,  As  to  Perihelion  Distance, 


Oreatett  Known. 
TheCometof  1739 

Oreatest  Known. 


MUee. 
383,800,000 


Least  Known, 
The  Comet  of  1843  (i.) 


Hilee. 
538,000 


2.  As  to  Aphelion  Distance, 


Miles. 


The  Comet  of  1844  (ii.)  406,1 30,000,000 


Leatt  Known.  ICUea. 

The  Comet  of  Encke   . . .  388,550,000 


We  have  already  seen  that  the  period  of  the  shortest  comet 
yet  known  is  but  little  more  than  3  years:  this  is  in  striking 
contrast  to  the  periods  exhibited  in  the  following  table,  which  are 
however  so  vast  as  to  deserve  little  reliance : — 

Years. 
The  Comet  of  1883  (i.)       400,000 

The  Comet  of  1844  (ii.)      103,050 

TheCometof  1780  (i.)       75»3i4 

The  Comet  of  1877  (iii.) 28,000 

The  Comet  of  1680             15.864 

The  Comet  of  1847  (iii.) 13,918 

TheCometof  1840  (ii.)      13*864 

A  significant  fact  with  respect  to  the  periods  of  the  known 
periodical  comets  has  already  been  mentioned®,  namely  that 
there  seems  some  disposition  on  the  part  of  these  comets  to 
become  associated  with  particular  planets.  It  is  not  improbable 
that,  as  our  knowledge  becomes  enlarged,  some  very  interesting 
facts  may  come  to  light,  which  are  at  present  hidden. 

^  See  pp.  401,  and  444,  ante. 


Chap.  IV. 


Cometary  Statistics, 


486 


TABLE  OF  NUMBER  OF  COMETS  R£CX)RDED. 


Period. 

Comets 
Obaerved. 

Orbite 
ChtloaUted. 

Comets 
IdanUfied. 

Before  a.d.         

79 

4 

I 

Century    o — loo 

22 

I 

1 

loi—aoo 

22 

2 

I 

201 — 300 

'  I    39 

3 

2 

301—400 

22 

0 

I 

401—500 

19 

I 

1 

501 — 600 

•      ■         '5 

4 

I 

601—700 

29 

0 

i 

701 — 800 

n 

2 

I 

801 — 900 

41 

I 

0 

901—1000 

30 

2 

3 

looi — 1100 

37 

4 

2 

iioi — laoo 

a8 

0 

1 

laoi— 1300 

29 

3 

3 

1301— 1400 

34 

7 

3 

1401 — 1500 

43 

12 

I 

1501^1600 

.^9 

"3 

4 

1601 — 1700 

3i 

1 

ao 

5 

1701— 1800 

••          •••          ••■ 

1         7a 

64 

8 

1801— 1888  (December)        

: 

270 

249 

68 

929 

39> 

109 

From  the  earliest  period  up  to  the  present  time,  the  number 
of  comets  of  which  there  is  any  trustworthy  record  is  somewhat 
over  900 ;  but  as  it  is  only  within  the  last  100  yeara  that  optical 
assistance  has  been  made  generally  available  in  a  systematic 
search  for  them,  the  real  number  of  those  that  have  appeared  is 
probably  not  less  than  several  thousands,  especially  when  we 
consider  that  there  have  doubtless  been  many,  visible  only  in 
the  Southern  hemisphere. 

Comets  remain  visible  for  periods  varying  from  a  few  days  to 
more  than  a  year,  but  the  most  usual  time  is  2  or  3  months. 
Much  depends  on  the  apparent  position  of  the  comet  with  respect 
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to  the  Earth  and  the  Sud.  and  much  on  its  ovro  intrinsic  luata 
Among  the  comets  which  remained  longest  in  etight.  are  1 
following  :^ 

Tbe  Cuiaet  of  iSl  I  (i.)  i; 

The  Comst  of  1815  (it.)  ,  Ij 

TKe  Comet  of  1861  (U.)  .,  u 

TheLk>inetof  :835  (iii.l.  [H»lle/»)  y 

Tbe  Comet  of  1847  (iv.)  . .  y 

The  Comet  of  :S58  (vi.    ..  ij 

TbeComet  of  l8aj  liii.)  ..  <] 
ThB  Comet  of  1884  (J.)                                      ....        9 

There  are  some  few  comets  which  have  only  been  aeon  on  c 
or  two  occasions,  unfavourable  weather  preventing  more  extended 
observation  of  them.     Fig.  339  is  a  case  in  point.     It  represents 
a  comet  seen  during  the  totality  of  the  solar  eclipse  of  1882, 
which  was  never  seen  again,  and  as  to  whose  historj'  and  fate  ? 
know  nothing. 
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CHAPTEK    V. 

HISTORICAL  NOTICES. 

OjpiwioM  qf  the  AneienU  oh  the  nature  of  Cornels, — Saper$Htiou»  ttoHone  aeeocialed 
with  ihevL^^ExlraeU  from  ancient  Chronielee. — Pope  Cnlixtue  III,  and  the 
Comet  qf  1456. — Extracts  from  the  writings  qf  English  authors  of  the  16th  and 
I'jth  eentwries, — Napoleon  and  the  Comet  of  1769. — Supposed  allusions  in  the 
Bible  to  Comets, — Conclusion, 

GOING  back  to  the  early  ages  of  the  world,  we  find  that  the 
Chaldseans  considered  comets  to  be  permanent  bodies 
analogous  to  planets,  but  revolving  round  the  Sun  in  orbits  so 
much  more  extensive,  that  they  were  therefore  only  visible 
when  near  the  Earth.  This  opinion,  which,  by  the  by,  is  the 
earliest  hint  that  we  have  of  the  existence  of  periodical  comets, 
was  also  held  by  philosophers  of  the  Pythagorean  school.  Tet 
Aristotle,  who  records  this,  insists  that  comets  are  merely 
mundane  exhalations,  carried  up  into  the  atmosphere,  and  there 
ignited. 

Anaxagoras,  ApoUonius,  Democritus,  and  Zeno  considered  that 
these  bodies  were  aggregations  of  many  small  planets. 

It  is  a  somewhat  remarkable  fact,  that  Ptolemy,  so  celebrated 
for  his  varied  astronomical  attainments,  should  nowhere  have 
made  any  mention  of  comets ;  his  omission  is,  however,  atoned 
for  by  Pliny,  who  seems  to  have  paid  much  attention  to  them. 
He  enumerates  12  kinds,  each  class  receiving  its  name  from 
some  physical  peculiarity  of  the  objects  belonging  to  it. 

Seneca  considered  that  comets  must  be  above  [i.e.  beyond]  the 
Moon,  and  he  judged  from  their  rising  and  setting,  that  they  had 
something  in  common  with  the  stars. 
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ParacelBus  gravely  insisted  that  comets  were  celestial  mes- 
sengers, sent  to  foretell  good  or  bad  events — an  idea  which,  even 
in  the  present  day,  has  by  no  means  died  out.  The  ancient 
Romans  did  not  trouble  themselves  much  about  astral  phe- 
nomena ;  they  nevertheless  looked  upon  the  comet  of  43  B.C. 
as  a  celestial  chariot  carrying  away  the  soul  of  Julius  Caesar, 
who  had  been  assassinated  shortly  before  it  made  its  appear- 
ance. 

In  an  ancient  Norman  Chronicle  there  occurs  a  curious  ex- 
position of  the  divine  right  of  William  I.  to  invade  England : — 
'*  How  a  star  with  3  long  tails  appeared  in  the  sky ;  how  the 
learned  declared  that  stars  only  appeared  when  a  kingdom 
wanted  a  king,  and  how  the  said  star  was  called  a  comette." 
Another  old  chronicler,  speaking  of  the  year  1060,  says : — ^  Soon 
after  [the  death  of  Henry,  King  of  France,  by  poison],  a  comet 
denoting,  as  they  say,  change  in  kingdoms — appeared,  trailing 
its  extended  and  fiery  train  along  the  sky.  Wherefore,  a  certain 
monk  of  our  monastery,  by  name  Elmer,  bowing  down  with 
terror  at  the  sight  of  the  brilliant  star,  wisely  exclaimed,  *  Thou 
art  come !  a  matter  of  lamentation  to  many  a  mother  art  thou 
come;  I  have  seen  thee  long  since;  but  I  now  behold  thee 
much  more  terrible,  threatening  to  hurl  destruction  on  this 
country**'* 

The  superstitious  dread  in  which  comets  were  held  during  the 
Middle  Ages  is  well  exemplified  in  the  case  of  the  comet  of  1456 
(Halley's).  We  find  that  the  then  Pope,  Calixtus  HI.,  ordered 
the  Church  bells  to  be  rung  daily  at  noon,  and  extra  Ave  Marias 
to  be  repeated  by  everybody.  Whilst  the  comet  was  still  visible 
Hunniades,  the  Hungarian  general,  gained  an  advantage  over 
Mahomet  II.,  and  compelled  him  to  raise  the  siege  of  Belgrade, 
the  remembrance  of  which  the  Pope  preserved  by  ordering  the 
Festival  of  the  Transfiguration,  the  anniversary  of  which  was 
kept  a  few  days  after  the  battle,  to  be  observed  throughout 
Christendom  with  additional  solemnities.  '*  Thus  was  established 
the  custom,  which  still  exists  in  Romish  countries,  of  ringing  the 

*  WUl.  Malmes.,  De  ge$ti$  R^qum  Angliee,  lib.  ii.  cap.  a  a  5. 
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bells  at  noon ;  and  perhaps  it  is  from  this  circumstance  that  the 
well-known  cakes  made  of  sliced  nuts  and  honey,  sold  at  the 
Church-doors  in  Italy  on  Saints'  days,  are  caU^  comete^" 

Leonard  Digges  says  that  "  comets  signify  corruptions  of  the 
ayre.  They  are  signs  of  Earthquakes,  of  warres,  of  chaungyng 
of  kingdomes,  great  dearth  of  come,  yea  a  common  death  of  man 
and  beast  V 

One  John  Gadbury  says  that  *'  Experience  is  an  eminent  evi- 
dence, that  a  comet  like  a  sword,  portendeth  war ;  and  an  hairy 
comet,  or  a  comet  with  a  beard,  denoteth  the  death  of  kings." 
He  also  gives  us  a  register  of  cometary  announcements  for 
upwards  of  600  years,  and  adds  in  large  Roman  capitals,  '*  as  if 
Qod  and  nature  intended  by  comets  to  ring  the  knells  of  princes, 
esteeming  bells  in  Churches  upon  Earth  not  sacred  enough  for 
such  illustrious  and  eminent  performances/' 

Shakespeare  speaks  of — 

**  Gometfl  importing  chADge  of  times  and  itates 
Brandish  yonr  crystal  tresses  in  the  sky. 
And  with  them  soonrge  the  bad  revolting  stars 
That  have  consented  unto  Henry's  death  '.** 

Milton  says : — 

*'  Satan  stood 
Unterrified,  and  like  a  comet  burned, 
That  fires  the  length  of  Ophiochos  huge 
In  th'  Arctic  sky,  and  from  its  horrid  hair 
Shakes  pestilence  and  war*.** 

The  last  comet  employed  in  an  astrological  character  was  that 
of  1769,  which  Napoleon  I.  looked  upon  as  his  protecting  ^^i^. 
Indeed,  as  late  as  1 808  Messier  published  a  work  on  it,  of  which 
the  title  is  given  below  ^ 

During  the  visibility  of  Donati's  comet  in  1 858,  the  question 
was  mooted  whether  the  Bible  contained  any  reference  to  these 


^  Smyth,  Cvchf  vol.  i.  p.  231.  A  friend  ed.,  London,  1576,  fol.  6. 

suggests   a   (derivation   which   certainly  ««  ^^nry  F/.,  First  Part,  Act  I.  Scene  i. 

appears  much  more  rational ;    namely,  •  Paradite  Lo$i,  Book  II. 

comidere,  to  eat  '  La  Orande  Commit  qui  a  paru  A  la 

«  Prognottieaiion    Kuerla»tingty     and  Xaumauce  dt  Napol^ou  h  CHrand. 
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objects :  the  following  passages  were  adduced  in  support  of  the 
idea : — 

1.  In  Leviticus  xvii.  7  it  is  said,  '^They  shall  no  more  offer 
their  sacrifices  unto  Seirim,"  or  Shoirim,  which  is  rendered  in 
the  Authorised  Version  ^'devils,"  and  in  other  versions  ''goats.'* 
Maimonides  states  that  the  Sabian  astrologers  worshipped  these 
seirim^  which  seems  to  confirm  the  idea  that  they  were  celestial 
bodies. 

2.  In  liaiah  xiv.  1 2  we  find,  "How  art  thou  fallen  from  heaven, 
O  Lucifer,  son  of  the  morning !  how  art  thou  cut  down  to  the 
ground,  which  didst  weaken  the  nations !  For  thou  hast  said  in 
thy  hearty  I  will  ascend  into  heaven,  I  will  exalt  my  throne 
above  the  stars  of  Qod.'*  In  this  passage  a  certain  HiUel  is  said 
to  have  fallen  from  heaven ;  but  it  is  unknown  what  Hillel 
means.  Some  interpreters  derive  the  word  from  Hebrew  verbs 
signifying  to  glory,  boast,  agitate,  howl,  &c.  Hillel  tnay  therefore 
signify  a  comet,  for  it  answers  to  the  ideas  of  brightness,  swift 
motion,  and  calamity. 

3.  In  the  General  Epistle  of  St,  Jude,  verse  13,  certain  impious 
impostors  are  compared  to  ''wandering  stars,  to  whom  is  re- 
served the  blackness  of  darkness  for  an  aeon  [age]."  In  all 
probability  the  passage  may  be  taken  to  refer  to  comets  0. 

4.  The  last  quotation  which  I  make  is  fmm  the  Revelation  of 
St.  John  the  Divine^  xii.  3 : — "  There  appeared  another  wonder  in 
heaven;  and  behold  a  great  red  dragon,  ....  and  his 
tail  drew  the  third  part  of  the  stars  of  heaven."  Satan  is  here 
likened  to  a  comet,  because  a  comet  resembles  a  dragon  (or 
serpent)  in  form,  and  its  tail  frequently  does  compass  or  take 
hold  of  the  stars. 

These  ideas  are  given  for  what  they  are  worth,  and  that  is 
probably  not  much. 

*  See  Alford*!  New  TetLfor  EnglUh  Reader$.    In  loco. 
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CHAPTER    VI. 

DETERMINATION  OF  THE  ELEMENTS  OF  THE  ORBIT 
OF  A  COMET  BY  A  GRAPHICAL  PROCESS*. 


Section  1.     Preliminary. 

THE  first  and  most  important  step  to  be  taken  in  applying 
the  foUowing  graphical  process  for  the  investigation  of  the 
orbit  of  a  comet  consists  in  working  out  the  projection  of  the 
orbit  on  the  ecliptic,  which  involves  finding  such  an  inclination  of 
the  plane  of  the  orbit  and  such  position  of  the  node  as  shall  be 
at  once  consistent  with  the  longitudes  and  latitudes  reduced  from 
the  observations  available,  and  shall  also  satisfy  Kepler's  law  of 
equal  (or  proportional)  areas  being  described  round  the  Sun  in 
equal  (or  proportional)  times ;  and  afterwards  to  compare  the 
developed  orbit  with  one  of  the  varieties  of  Conic  Sections  with 
which  it  must  necessarily  be  in  accord.  This  in  practice  means 
finding  the  proper  parabola,  for  leaving  out  of  consideration  a 
few  well-known  elliptical  comets  of  comparatively  short  period, 
the  curve,  whether  elliptical  or  hyperbolic,  approximates  almost 
always  so  closely  to  the  parabola  that,  until  observations  have 
been  multiplied  and  all  corrections  for  parallax  and  aberration 
have  been  applied,  it  is  useless  to  attempt  to  discriminate  between 
them.  Moreover,  the  graphical  method  is  scarcely  available  to  in- 
dicate the  course  of  a  comet  from  only  a  few  days'  observations. 
Let  a  scale,  divided  into  lOO  parts,  be  made,  on  card  or  stout 

*  This  ohftpter  has  been  speoially  of  a  paper  oontribaied  bj  him  to  the 
written  for  this  work  bj  Mr.  F.  C.  Royal  Astronomical  Society  in  1881. 
Penrose,  F.RJI.S.,  and  is  an  extension       {Month.  Noi,,  vol.  xlvi.p.  68.  Dec.  1881.) 
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paper  (as  it  may  have  to  be  bent  round  a  curve),  to  represent  the 
Sun's  mean  distance ;  and  inasmuch  as  many  tentative  proportions 
vdU  have  to  be  tried,  the  slide  rule  will  be  found  a  valuable 
auxiliary;  but  as  the  standard  lines  which  represent  the  longitudes 
of  the  different  observations  used  should  be  laid  down  very 
accurately,  and  are  found  once  for  all,  it  is  better  in  the  transfor- 
mations of  R.  A.'s  and  Declinations  into  Longitudes  and  Latitudes 
to  use  logarithms.  The  Nautical  Almanack  gives  for  every  day  at 
noon  the  Sun's  longitude  and  distance  from  the  Earth.  Liter- 
polating  these  for  the  times  of  each  observation  we  shall  obtain 
with  sufficient  accuracy  (neglecting  parallax)  the  relative  places 
of  the  observer  and  the  Sun.  Let  the  plane  of  the  paper  repre- 
sent the  ecliptic  and  lay  down  very  carefully  these  terrestial 
places,  and  through  them  draw  straight  lines  in  the  directions 
of  the  longitudes  of  the  comet,  already  supposed  to  have  been 
worked  out.  These  lines  should  be  drawn  in  ink,  that  they  may  not 
be  erased  in  rubbing  out  the  trial  pencil-lines  which  will  have 
to  be  drawn  between  them.  It  will  also  be  convenient  to  mark 
down  at  tiiis  stage  some  subdivisions  of  the  longitude  lines 
where  the  heights  above  the  ecliptic  are  as  the  numbers  20,  30, 
40,  &C. ;  these  points  being  given  by  the  co-tangents  to  the 
latitude.  These  marks  will  of  course  be  confined  to  those  parts 
of  the  longitude  lines  where  the  projection  seems  likely  to  pass. 
Theoretically  3  observations  suffice  to  determine  the  path  of  a 
comet,  but  for  the  graphical  investigation  4  are  much  better. 

If  the  conversions  from  the  equator  to  the  ecliptic  are  performed 
by  calculation  the  following  remarks  may  be  found  useful 

(i)  In  using  the  formula  below  and  referring  to  Fig.  230  in 
which  P  represents  the  North  Pole  and  E  the  North  Pole  of  the 
ecliptic,  and  C  being  any  place  of  the  comet  ^,  it  should  be 
observed  that  when  the  comet's  R.  A.  is  between  1 2  hours  and 
24,  the  angle  at  P  is  acute ;  and  in  the  formula : 

cos  EC  =  cos  PE  cos  PC  +  sinEP  sinPC  cosEPC 
the  latter  value  (cos  E  P  C)  will  be  positive,  but  for  all  other 
hours  of  R.  A.  it  will  be  negative. 

*'  Sapposed  in  the  diagram  to  be  in  R.  A.  ao>>  and  N.P.  D.  %\  . 
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(a)  When  the  comet's  K  A.  ia  between  6  hoars  and  i8,  the 
supplement  of  the  angle  included  between  E  P  and  E  C  mast  be 
dedacted  from  270°;  to  give  the  proper  longitude,  but  lox  the 
other  houra  of  R.  A.  the  enpplement  of  the  said  angle  must  be 
added  to  370°. 

Fig.  J30, 


t   TIU  Mltl&TOB 


The  general  formula  referred  to  givee  the  latitude  only.  The 
longitude  baa  to  be  derived  from  it  and  fivm  the  previous  data 
by  the  formula : 

BinPEC_ainEFC 
sin  PC    ~  sin  EC  ' 
and,  as  observed  just  above,  the  angle  CES  is  to  be  added  to 
or  subtracted  from  270°  according  to  circumstances. 

Also,  before  proceeding  to  the  graphic  work  it  is  desirable  to 
make  a  careful  inspection  of  the  longitude  lines  and  the  latitude 
numbers  just  described,  as  from  the  relation  of  these  numbers  to 
one  another  a  sound  hypothesis  may  usually  be  made  of  the 
course  of  the  comet  as  it  passes  the  different  longitude  lines 
by  considering  the  connection  between  the  height«  above  the 
ecliptic  and  their  distance  from  the  Earth.  Withoat  this  help 
some  doubt  might  at  first  arise  in  some  cases  as  to  which  was 
the  direction  of  the  comet ;   that  is,  whether  it  was  direct  or 
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retrograde.  A  few  minutes  devoted  to  this  inspection  may 
save  much  time  in  the  end.  In  addition  to  the  above,  any 
information  given  in  the  recorded  observations  of  variation  in 
brightness  or  development  of  the  comet's  tail  should  be  taken 
into  account. 

The  first  step  now  will  be  to  take  into  consideration  the  lengths 
on  the  projection  of  the  arcs  traversed  between  the  observations. 
These  are  not  strictly  proportional  to  the  time-intervals  either 
on  the  orbit  or  on  the  projection,  but  unless  the  observations 
record  places  very  distant  from  one  another  the  time-intervals 
may  be  used  at  the  first  start,  and  a  table  of  these  should  be 
formed  giving  different  numerical  equivalents.  For  instance 
suppose  the  time-intervals  were  7,  8,  9. 

Form  a  table  such  as  the  following,  viz. : 

7       s    8  :  9. 
8.75  :  10  :  11.25, 

10.5    :  la  :  13.5; 

which  may  be  extended  either  by  addition  or  interpolation  as 
may  be  required  when  the  circumstances  of  the  case  indicate 
which  are  likely  to  be  the  numbers  most  in  request.  The  examples 
will  show  how  these  are  applied,  and  in  Section  5  Rules  are  given 
for  con-ecting  them  for  a  second  approximation. 

The  next  step  will  be  the  adjustment  of  the  areas  and  of  the 
latitudes.  A  few  preliminary  remarks  on  these  heads  will  be 
found  useful. 


Section  2.     Oh  the  proportioning  of  the  Areas  in  the  different 

Segments  of  the  Projection. 

Let  the  plane  of  the  paper  be  that  of  the  orbit,  and  let  A  BCD 
be  the  places  under  examination.  If  there  is  no  great  amount 
of  deflection  from  the  straight  line  as  between  AB  and  BC,  the 
subtended  areas  are  to  each  other  nearly  as  the  triangles  formed 
by  the  chord  with  the  radius  vector ;  and  if  C  N  be  a  straight 
line  drawn  through  K  at  right  angles  to  S  B,  and  if  A  N  be 
parallel  to  S  B,  the  area  subtended  by  A  B  is  to  that  subtended 
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by  B  C  very  nearly  as  N  K :  KC :  but  if  the  question  lies  between 
such  arcs  as  B  0  and  C  D.  the  difference  in  the  areas  inclosed 
between  the  chords  and  the  ares  cannot  be  neglected  in  the 
comparison.  In  that  case  we  may  pi-oceed  thus  : — Produce  S  C 
to  E,  make  EF=EB,  and  following  the  previously  described 
method  cut  off  the  arc  0  G,  which  approximately  subtends  the 
same  area  as  BC,  and  by  similar  construction  the  remaining 
area  subtended  by  O  D  can  be  measured. 

Thus  area  B  C  S  :  area  C  D  S :  C  H  ;  C  J. 

Lines  such  as  A  N,  F  G,  J  D  used  in  this  construction  may  be 
conveniently  called  area-measurers  or  pediomelr'f  lines. 


Fit'.  -Ml 


In  the  figure  given  above  (Fig.  231)  the  curve  of  the  orbit  haa 
been  supposed,  but  the  same  holds  good  on  the  projection  as 
respects  the  areas,  although  the  arcs  are  not  in  simple  proportion. 
A  more  exact  rule  for  measuring  the  areas  will  be  given  in  Sect.  5 
{po»l),  but  the  method  just  explained  is  sufficient  for  the  purposes 
of  approximation,  and  is  very  rapidly  performed  graphically. 


[Book  I\ 


The  Latitudet  and  tfie  Inclination  of  the  Plane 
of  the  Orbit. 

In  Fig.  232  let  the  plane  of  the  paper  repreBeot  the  ecliptit 
and  let  E  be  the  position  of  the  observer.  Let  E  L  be  the  direc- 
tion of  the  comets  longitude,  S  £3  the  node,  and  p  P  p'  an  arc  oj 


e  of  the  develoi 


the  projection ;  and  the  dotted  line  q  Q  i\ 
orbit :  that  is,  the  plane  of  the  orbit  is  su 
node  through  the  angle  i  until  it  coincides  with  the  ecliptic,  ai 


orbit :  that  is,  the  plane  of  the  orbit  is  supposed  to  revolve  on  its 

anff 
let  /  be  the  observed  latitude. 


The  height  of  the  point  P  above  th«  ecliptic  can  be 
either  by  P  E  tan  /  or  P  N  tan  /. 

Let  &  he  a  point  on  E  L,  which  for  the  sake  of  accuracy  it  i 
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•nvenient  to  iake^at  some  distance  from  E.    Through  E  diaw 

, D  perpendi<5alar  to  S'ST,  vd  make  K D=  E  E  tan  /  cot  i.  Join 

t  D,  and  at  the  point  N  where  it  cuts  the  node  draw  a  straight 

ine  perpendicnlar  to  the  node.    This  line,  if  the  angles  and  work 

iire  correct,  will  ^^tM  through  P,  because  from  similar  triangles 

NP^KD     \.     NP  =  PE.5!^f,  orPEtan/=PNtani,a8 
PE      EE  tan  J 

above.  k 

Thus  with  ibe  node,  latitude  and  inclination  given,  the  point 
P  is  found  hy  &6>inter8ectioti  of  E  D  with  So .  K  may  be  any 
point  <fti  £1*1  but  it  is  convenient  to  take  it  at  some  definite 
value  of  ^ot|^^  for  instance  (our  scale  being  the  Earth's  mean 
distance  divided  into  lOO  parts),  K  E  tan  /  may  be  ico, 50, 25,  &c. 
according  to  cii(fatestances,  as  will  be  seen  in  .the  examples, 
po9t.  When  the  prcgeDtion  has  been  found  the  developed  orbit 
is  easily  obtained  by  m^idng  NQ  =  N P  sec  1. 

The  above  method,  which  can  ^be  constructed  very  rapidly,  offers 
a  convenient  plan  for  testing  the  accuraoy  of  any  given  solution 
of  the  elements  of  the  orbit  of  a  comet,  but  for  the  purpose  of 
the  graphical  working  the  process  is  as  follows : — The  direction  of 
the  node  and  the  inclination  of  the  orbit  having  been  previously 
obtained,  the  method  explained  in  this  Section  is  used  to  bring 
the  whole  work  together  and  to  average  the  individual  obser- 
vations. After  this  has  been  done,  and  the  different  points  so 
amended  have  been  marked  down,  the  work  at  this  stage  ought 
to  be  tried  by  the  rule  of  the  areas,  and  if  it  stands  this  test 
also,  the  small  discrepancies  which  may  still  remain  between 
the  developement  and  the  proper  conic  section  (presumably  a 
parabola)  will  be  still  further  reduced  by  its  comparison  with 
that  curve,  and  it  will  be  seen  what  are  the  slight  modifications 
which  have  to  be  made  in  the  node  or  in  the  inclination,  or 
in  both,  in  order  to  reduce  the  outstanding  errors.  Whatever 
corrections  are  applied  to  these  should  be  made  by  small  instal- 
hients,  and  to  each  separately,  and  the  effect  noted  down. 
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Comet". 
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Section  4.     Tojind  a  Parabola  karing  iU  Foci's  at  S  and  v^hicA 
shall  i-oinchle  with  two  PSin/t  of  the  OrbiL 

In  Fig.  233  let  Q  and  P  be  the  two  points ;  usually  the 
extremities  of  the  developement.  With  the  centre  Q  and  at  the 
distance  Q  S,  describe  the  arc  S  N  F;  and  with  the  centre  P  and 
at  the  distance  PS.  describe  thearc  SMG.   The  straight  line  whio^ 

Fig.  ^S-V 


is  tangent  to  the  two  circles  at  SI  and  N  will  be  the  directrix  of  the 
proper  parabola,  and  from  this  all  the  other  parts  can  be  found. 
The  curve  when  drawn  may  be  conveniently  applied  on  tracing- 
paper,  keeping  the  focus  on  the  place  of  the  Sun  and  turning  i^ 
about  until  it  best  fits  all  the  points  of  the  developement. 

Section  5.     Tlie  McasiiremeHf  of  fie  Areas  in  a  Parabola. 

Fig.  333  may  also  be  used  to  illustrate  the  exact  rule  for  the 

meaaurement  of  the  aieaa  in  a  parabola.     Let  A  be  the  vertex, 

A  S  =  a,  and  let  P  H  and  Q  I  be  perpendiculars  drawn  from  the 

principal  axis  A  X. 
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If  PS Q  be  the  area  of  the  space  bounded  between  SP,  SQ,  and 
the  curve,  then 

PH(AH-H3AS)-QI(AI-H3AS)  =  PSQ. 

6 

Section  6.     Tie  Relations  between  the  Tme-intervaU  and  the 

Longitude  Lines. 

At  the  first  opening  of  the  enquiry,  except  the  help  given  by  the 
latitude  numbers,  as  mentioned  in  Sect,  i,  there  is  usually  little 
to  guide  the  student  beyond  the  time-intervals  and  the  longitude 
lines.  It  is  important  therefore  to  consider  their  relation  to  one 
another.  Proportions  founded  on  the  time-intervals  may  gene- 
raUy  be  used  as  a  useful  first  approximation  unless  the  inclination 
of  the  orbit  is  very  steep  or  there  is  a  great  change  of  direction 
in  the  path  of  the  comet  with  respect  to  the  node,  between  the 
different  observations.  As  this  may  not  unfrequently  be  the 
case,  the  remarks  following  should  be  taken  into  consideration. 

In  comparing  the  lengths  of  adjacent  arcs  in  the  orbit  it  can 
easily  be  shown  that  they  are  to  each  other  inversely  as  the 
square  root  of  the  mean  radius  vector  in  each  arc,  and  if  the  arcs 
are  of  limited  extent  are  practically  as  the  inverse  square  roots 
of  the  radii  in  the  middle  of  each  arc.  This  variation  will  of 
course  affect  the  projection  also,  with  which  we  primarily  have 
to  deal;  but  the  arc  in  the  projection  also  depends  upon  the 
general  angle  made  with  the  node,  which  may  frequently  be 
taken  without  sensible  error  to  be  the  angle  which  the  chord  of 
the  arc  makes  with  the  node.  Calling  this  angle,  if  measured  on 
the  orbit,  a,  or  if  on  the  projection,  /9,  we  should  find  that  if  « 
be  a  small  arc  of  the  projection  corresponding  to  S  on  the  orbit, 

* :  S  : :  Vi  —  sin^a  sin* » :  I ;    or  * :  S : :  I  :  v^i  +  tan^i  sin*^ ;    the 

relation  between  a  and  p  being  tan  )3=tan  a  cos  i. 

It  will  be  seen  that  when  a  or  /3  are  small,  and  i  not  very 

great,  the  projection  will  have  almost  the  same  length  as  the 

original  arc,  and  when  these  approach   90°  the  ratio  of  the 

projection  to  the  original  will  be  as  1  to  sec  t.    Also  it  will  be 

observed  that  when  the  inclination  i  is  very  steep  it  produces 

great  influence  on  these  proportions. 

K  k  2 
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this  to  deduce  the  effect  produced  by  the  causes  above  referred  to, 
and  then  to  rub  out  the  first  pencillings  and  proceed  afresh  with 
an  amended  table  of  the  intervals.  The  diagram  here  given  (see 
opposite,  Fig.  234),  which  has  been  calculated  from  the  formula 

*  _  I 

S       -/i  +  tan^i  sin^jS' 
gives  values  of  the  length  of  a  small  arc  of  the  projection  com- 
pared with  the  corresponding  arc  of  the  orbit. 

K  the  orbit  has  been  developed  and  the  angular  direction  of 
its  course  a  ascertained,  fi  is  easily  obtained  from  the  relation 
tan  i3=  tan  a  cos  i.  As  an  example  of  this  diagram,  if  /3=  30**  and 
»=  45"*,  it  will  be  found  by  the  scale  that  «  :  S  =  9  :  10.  Other 
values  can  be  found  by  interpolation. 

Section  7.     Checks  available^  derived  from  certain  properties  of 

Parabolic  Orbits, 

When  the  elements  of  a  comet  have  been  approximately  ascer* 
tained,  a  very  useful  check  may  be  employed  (confining  our 
attention  to  parabolic  orbits)  from  a  consideration  of  the  fact 
that  the  velocity  of  a  comet  in  such  an  orbit  at  perihelion  is  to 
that  of  a  planet  moving  in  a  circular  orbit®  at  the  same  distance 
as  V2  to  I. 

The  sine  of  the  daily  arc  traversed  by  such  a  planet  at  Peri- 
helion would  be  1*7213  of  our  scale.  In  the  comet  at  the  same 
distance  it  would  be  2*43302,  and  for  any  other  distance  this 
number  must  be  divided  by  the  square  root  of  the  distance. 

It  will  often  be  useful  to  remember  this  principle  at  a  pre- 
liminary stage,  when  a  consideration  of  it  may  help  to  point  out 
the  distance  at  which  the  first  approaches  should  be  commenced. 

Section  8.     Examples  of  the  Graphical  Process. 
The  first  example  to  be  given  is  that  of  Schaberle*s  comet  of 
1881   (iv).    Observations  on  5  days  will  be  considered.    It  is 
proposed  to  find  the  elements  of  the  orbit  from  the  first  4  and 
then  to  try  them  on  the  5^^  for  a  test  and  final  correction. 

^  Tlie  motion  of  the  earth  in  its  orbit.  It  wiU  require  very  little  calcuUtion,  m 
although  not  quite  circular,  may  without  it  has  necoMarily  been  laid  down  graphic- 
ueriouB  error  be  used  in  this  comparison.      ally  in  the  ooune  of  the  work. 
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The  observations  reduced  to  longitude  and  latitude  yielded 
the  following  apparent  places : — 


Oxford 

»> 
»» 

ManeiUes 


being — 


G.  M.  T. 

Longitude.                     Latitude. 
0       >       »                         0      r      0 

July  31.41 

95  19  56                 "  34  17 

(1.) 

Aug.    4.4J 

99    3  34                 35    8    9 

(a.) 

n       IO-44 

108    5  14                 39  49    0 

(3.) 

»    19-53 

137  33  33                 36    7    0 

(4.) 

Sept.    3.33 

199  18    0                 17  33    0 

(5.) 

ces 

at  these  times 

with  respect  to  the  obsc 

jrver 

Longitude. 

0          #          if 

Distance. 

(I.) 

%/                 r                 WW 

"8  44  43 

101*50 

0.) 

13^  35     I 

101*43 

(3) 

138  35  17 

IOI-35 

(4.) 

H7    5  43 

IOI.16 

(5.) 

160  36    6 

100*84 

The  plane  of  the  paper  represents  the  ecliptic,  S  being  the 
Sun's  centre  and  S  Y  the  line  of  the  Equinoctial  Node. 

It  is  evident  from  the  inspection  of  the  latitude  numbers  (see 
Sect,  i)  that  during  the  first  4  observations  the  comet  was 
passing  from  left  to  right,  that  is  with  retrograde  movement, 
and  approaching  the  Sun ;  and  when  first  observed  must  have 
been  a  little  beyond  the  point  O  where  the  first  two  longitude 
lines  intersect.  In  this  example  we  seem  obliged  at  first  to 
use  the  time-intervals  as  the  only  representatives  of  the  lengths 
of  the  arcs,  for  at  present  no  theory  can  yet  be  formed 
of  modifications  of  their  proportional  length,  as  discussed  in 
Section  5. 

The  table  of  time-intervals  will  be  formed  of  such  terms  as : — 


4*01 

6*03 

909 

8 

13 

i8*io 

10 

15 

33.60 

11-3 

17 

35*70 

13*6 

19 

38.6 

16 

34 

36-3 

If  we  lay  the  scale  of  hundredths  of  the  Sun*s  mean  distance 
across  the  middle  interval,  and,  allowing  for  moderate  and  con- 
tinuous curvature,  take  in  the  adjacent  spaces  on  each  side,  we 


;: 


I. 
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shall  find  that  the  two  first  terms  of  our  table  are  out  of  the 
question.  Nor  will  15  by  any  sort  of  arrangement  combine  with 
10  on  one  side  and  22*6  on  the  other:  but  with  17  combined  with 
11*3  and  25*7  the  case  is  different,  and  we  may  note  down  its 
points  of  coincidence,  as  at  A,  B,  C,  and  D.  It  will  be  well 
however  at  this  stage  to  proceed  further  and  try  another  value, 
say  24,  in  the  middle  interval,  and  mark  down  also  the  places 
given  on  the  four  longitude  lines,  namely,  a, «,  c,  d. 

The  reason  for  placing  the  scale  at  that  particular  obliquity  to 
L2  and  L3  so  as  to  fall  upon  the  points  a,  b,  c,  d^  rather  than  in  an- 
other way,  nearer  to  or  further  from  A,  6,  C  and  D,  is  the  condition 
that  the  curvature  of  the  projection  must  be  fairly  continuous. 
Nearer  to  A  BCD  it  would  have  made  abed  too  straight,  or 
even  convex  to  the  Sun,  and  further  from  A  B  C  D  it  would  have 
been  too  abrupt.  This  consideration  generally  determines  within 
very  moderate  limits  the  direction  that  these  trial  lines  ought  to 
take.  The  distance  however  will  require  a  different  discrimina- 
tion, which  we  should  now  apply,  namely,  the  area  test.  Join 
S  B,  S  C,  and  draw  the  pediometric  lines  as  explained  in  Section  2, 
namely,  the  offsets  from  M  M'  which  fall  near  A,  and  from  N  N' 
which  fall  near  D,  thus  confirming  very  nearly  the  points 
already  chosen.  When  we  apply  a  similar  test  to  the  other 
trial-curve  by  joining  S  d,  S  ^  &c.,  we  find  that  the  pediometrics 
mm'  and  nn'  are  quite  discordant,  especially  nn\  Thus  we 
may  feel  satisfied  that  to  obey  this  test  the  projection  cannot  be 
far  from  a  line  passing  through  ABC  and  D.  We  now 
proceed  to  consider  the  latitudes  and  to  obtain  the  inclination 
and  the  node.  The  heights  above  the  ecliptic  due  to  points  on 
the  longitude  lines  having  been  marked,  show  that  in  this  case 
at  the  points  A,  B,  C  and  D  we  have  respectively  467,  457,  430 
and  o^6'6.  If  these  places  were  exact,  the  node  could  now  be 
so  drawn  through  S  (similar  to  the  node  in  Sect.  3)  that  the 
height  of  each  of  the  above-named  points,  divided  by  the  cor- 
responding horizontal  distance  from  the  node,  measured  on  the 
projection,  would  give  the  same  value  of  tan  i .  Here  it  is  nearly 
so,  for  we  may  so  choose  our  base-lines  passing  through  the  Sun 
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that  the  two  outside  points  ^r—  and  ^r^   give   39*"  30',   whilst 

Y^  and  M   give  39*"  20' ;  the  mean  being  39''  25',  and  the 

approximate  node  X  X^ 

This  approximate  node  might  be  found  tentatively,  but  a  better 
way  is  to  join  tlie  two  points  under  consideration,  as  A  and  D,  and 
draw  from  A  and  D  offsets  equal  to,  or  proportional  to,  the 
measure  of  their  latitude  number  (or  height  above  the  ecliptic).; 
join  the  extremities  of  the  offsets ;  and  produce  as  required  to 
meet  the  produced  line  A  D.  The  point  of  intersection  will  lie 
in  the  approximate  noda  That  due  to  B  and  C  will  be  found 
by  similar  construction.  We  are  now  in  a  position  to  use  this 
approximate  node  and  inclination  to  improve  the  figure  by 
introducing  a  modification  of  the  lengths  of  the  arcs  of  the 
projection  as  explained  in  Section  6.  If  we  draw  perpendiculars 
to  the  node  to  the  middle  parts  of  the  arcs  of  the  projection,  and 
develope  them  in  the  ratio  of  sec  f :  i,  we  can  obtain  approximate 
places  on  the  orbit  and  get  a  near  value  of  the  radius  vector. 
These  distances  appear  to  be  in  AB^  B  C,  and  C  D  respectively 
about  75,  70  and  65,  and  on  this  account  (as  shown  in  Sect.  6) 
the  spaces  traversed  in  equal  times  in  the  three  arcs  would  be 
to  each  other  as  ^J^j,  ^7,  7^7,  but  the  angles  which  the  chords 
of  the  arcs  on  the  projection  make  with  the  node  seem  to  be 
respectively  8°  10',  10°  45',  and  l8^ 

Using  the  diagram  of  Section  6,  and  interpolating  the  values 
above  measured  for  /3  in  combination  with  »*=40,  we  obtain  for 
the  proportional  lengths  in  the  projection  0*99,  0*985,  and  0*965. 

The  comparison  of  equal-time  arcs  therefore  on  these  three 
sequents  will  be  as : — 

^5'   if'   if='-H5;T.i8o;,.,95. 

The  comparative  arc  intervals  thus  modified  will  have  for  their 
proportions  3-9  ;  6«02  ;  9-2  ;  very  nearly  as  11  ;  17  ;  26. 

In  this  example  the  corrections  above  found  are  small  because 
the  angle  j3  of  Section  6  is  small,  and  i  is  not  very  large,  but 
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nnder  certain  circumsiances  they  may  become  very  significant. 
It  must  be  borne  in  mind  that  these  modifications  affect  only 
the  lengths  of  the  arcs,  and  in  comparing  the  areas  the  tme  time- 
intervals  must  be  used. 

In  making  the  adjustments  it  seems  unnecessary  to  alter  D, 
considering  the  favourable  near  coincidence  of  the  pediometric 
line  with  that  point,  but  the  other  points  should  be  shifted  to 
A',  B'  and  C,  giving  them  latitude  values  of  47-1,  46-3,  and  43-8 
respectively. 

The  value  of  i  which  now  results  from  the  corrected  numbers  and 
the  corresponding  perpendiculars  drawn  to  the  node  becomes 
39''  45',  which  we  take  for  the  measure  of  /,  and  the  node  takes 
the  direction  S  3 . 

The  next  step  is  to  use  the  method  of  Section  3,  to  establish 
points  on  the  various  longitude  lines  in  accurate  accordance  with 
this  node  and  inclination. 

Choosing  the  latitude  points  50,  on  each  of  the  first  four  lon^- 
tude  lines,  draw  from  A'  B'  C  and  D  perpendiculars  to  S  3  9  60-1 
in  length,  which  will  make  ^^  =  tan  i.  Draw  straight  lines  from 
the  extremities  of  these  perpendiculars  to  their  respective  places 
of  observation,  and  where  they  cut  the  node,  as  T  F',  U  Q,'  &c., 
erect  perpendiculars  to  their  proper  longitude  lines  and  produce 
them  upwards  to  form  the  developed  figure  by  the  method  of 
Section  3.  These  points  will  be  Hj  Hg  H3  H4.  By  that  of 
Section  4  we  can  now  obtain  the  parabola  which  will  pass 
through  H^  and  H4.  Let  this  be  drawn  on  tracing-paper  and 
applied  as  therein  directed,  and  it  will  point  out  that,  with  the 
vertex  at  P,  it  will  produce  a  very  good  coincidence  with  the 
four  points  of  the  developement,  and  will  also  satisfy  very 
closely  the  rule  of  the  areas. 

We  have  obtained  this  parabola  from  4  observations  only. 
The  fifth  observation  (that  of  September  2)  may  now  be  used  to 
test  its  accuracy. 

We  shall  find  that  if  this  observation  be  worked  out  in  a 
manner  similar  to  that  of  the  others  by  obtaining  the  point  Z 
due  to  latitude  mark  25,  and  finishing  the  construction,  that  the 
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point  of  its  developement  H5  will  fall  at  a  distance  of  not  more 
than  0-5  from  the  arc  of  the  parabola  produced,  and  that  if  the 
axis  of  the  trial  parabola  64  be  reduced  to  63-5  and  the  vertex 
or  perihelion  be  turned  towards  H^,  a  very  small  arc,  about  2*"  20^ 
there  will  be  a  very  near  coincidence  indeed  amongst  all  the 
points.  After  these  corrections  have  been  made  the  perihelion 
point  measures  along  the  curve  8*2  of  the  scale  beyond  the 
point  due  to  Aug.  19*53,  a  distance  traversable  in  about  270 
days. 

This  gives  the  date  of  the  perihelion,  August  22*23. 

The  longitude  of  this  point  is  328°  2o'« 

The  longitude  of  the  node  is  97**  30'* 

The  elements  of  the  orbit,  stated  in  the  usual  way,  are  : — 

T   Aug.    22-23 

»  328°  20' 

q  ©•636 

S  97^  30' 

»  39"  45' 

fi  Retrograde. 

Stechert's  published  elements  of  this  comet  are  : — 

T    Aug.  22-29 

»  334°  55' 

2  0-633 

8  97°  3' 

39°  46' 
fi  Retrograde. 

These  last  elements,  if  tried  by  the  test  of  Section  3,  do  not 
in  some  particulars  satisfy  the  geometrical  conditions  so  well  as 
those  given  above,  found  by  the  graphical  process.  In  some  of 
them  there  is  very  little  difference. 

The  second  example  is  that  of  Tebbutt's  Comet  of  1881  (iii). 
We  will  make  use  of  4  observations  of  apparent  places  reduced 
to  the  ecliptic : — 

o.  M.  T. 

1.  Cape  of  Hope  May  31*3 1 

2.  ,.  June    9-18 

3.  Greenwich       June  24.48 

4.  „  July  13-58 


Longitude. 

LaUtode. 

0      /      // 

0      / 

69  38    6 

-5a    9 

74  16  36 

-38  31 

86  19    6 

+  35  69 

102  37  33 

+  60  36 

i 


t 
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The  Sun's  places  at  these  times,  with  respect  to  the  observer, 
were: — 

Longitude.  Distance. 

I.  70  i8'9  xoi*43 

a.  78  540  101.51 

3*  93  39*^  ioi*66 

4.  Ill  43.5  101*64 

As  in  the  previous  example  the  plane  of  the  paper  represents 
the  ecliptic,  S  being  the  Sun's  centre,  S  Y  in  PI.  XXXV,  Diagram 
A.  is  the  line  of  the  Equinoctial  Node,  and  Lj  L^  L3  L4  represent 
the  different  longitude  lines  with  some  of  the  heights  above  the 
ecliptic  as  derived  from  the  latitude  angles  marked  upon  them. 

The  time-intervals  in  this  case  are : — 

9-0  :  15*25  :  19-1. 

It  is  clear  however  that  at  the  time  of  the  first  and  second 
observations  the  comet  was  approaching  the  Sun,  and  afterwards 
receding,  and  with  a  considerable  change  of  angular  direction. 
We  may  therefore  fairly  assume,  although  it  would  be  premature 
to  speak  with  exactness,  that  on  the  principles  of  Section  6  the 
first  and  third  values  in  the  three  columns  of  time-intervals  will 
be  increased  as  compared  with  the  middle  column.  Let  us 
assume  the  proportions  of  the  arc-intervals  to  be — 


9.8 

1535 

19.7 

/  II'O 

17^ 

33*0 

or  their  equivalents 

]ia-3 

19-0 

34*6 

(13-6 

2I*0 

37'3 

Placing  1 7  across  the  middle  space  and  bending  the  scale  a  little 
so  as  to  be  slightly  concave  to  the  Sun,  we  find  a  fair  agreement 
with  22  towards  L4,  but  the  other  interval  is  not  well  bridged,  as 
it  extends  only  to  O,  considerably  short  of  Lj.  The  direction  of 
the  curve  is  from  near  the  60  mark  on  L^  to  the  same  figure  on  L4. 

With  21  on  the  central  space,  13*6  may  be  found  to  agree 
fairly  well  with  Lj,  but  27-2  is  considerably  too  long  for  the 
other  space,  and  it  overlaps  it  towards  F,  the  direction  being 
from  near  41  on  L^  to  31  on  L4.  It  becomes  therefore  clear  that 
a  better  result  is  to  be  looked  for  between  these  two  trials.  With 
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19  on  the  central  space  we  can  place  both  12-3  on  L^  and  24*6  on 
L4,  the  curve  ranging  from  about  49  on  L^,  26  on  L.^,  14-2  on 
Lg  to  58  on  L4 ;  and  we  may  now  mark  in  the  points  A,  B,C,  D. 

As  in  this  example  we  have  the  opportunity  of  arriving  very 
closely  at  the  direction  of  the  node,  it  will '  bo  convenient  to 
obtain  it  at  this  stage.  As  the  second  observation  was  taken 
below  the  ecliptic  and  the  third  above,  it  follows  that  the  node 
lies  somewhere  between  these  two.  If,  as  in  Diagram  B.  on  Plate 
XXXV ,  the  chords  of  the  three  arcs  A  B,  B  C,  C  D  be  taken  as 
abscissae,  and  ordinates  given  to  the  points  A,  B,  C,  and  D  pro- 
portional to  the  tangents  of  the  latitude  angles,  we  may  construct 
a  curve  which  will  determine  very  nearly  indeed  the  point  Q  where 
the  latitude  was  zero,  and  we  shall  thus  obtain  the  distance  of  the 
node  either  from  C  or  B.  Set  off  this  distance  C  8  in  the  direction 
C  B,  and  join  S  Q  ;  this  will  be  the  node.  It  will  be  at  once 
apparent  that  neither  of  the  two  outside  trial  curves  can  satisfy 
the  condition  that  tan  i  =  the  latitude  number  divided  by  that  of 
the  distance  from  the  node,  and  it  is  unnecessary  to  apply  the  area 
test  to  them.  We  may  therefore  confine  our  attention  to  the 
points  A,  B,  C,  D. 

On  this  curve  the pediomelrics  M  M'  and  N  N'  very  nearly  confirm 
the  points  already  chosen.  A,  however,  has  to  be  shifted  to  A' 
At;  47*5,  and  D  moved  from  58  to  60.  The  combined  heights  of 
these  two,  107^5,  divided  by  the  distance  between  them  (perpen- 
dicular to  the  node),  51,  representing  tan/,  gives  for  this  angle 
64°  36',  whilst  the  angle  derived  from  the  two  inner  points  B  and 
C  is  65°  8' ;  the  mean  64**  42'. 

At  this  point  of  the  work  it  would  usually  be  convenient  to 
rub  out  the  first  trial  pencil  lines  referred  to  in  Section  i,  and 
proceed  by  the  method  of  the  latitudes  (see  Section  3),  but  as 
that  would  destroy  the  previous  work  of  this  example,  we  proceed 
to  Diagram  C.  on  Plate  XXXV.  On  Lj  at  80,  L2  at  40,  Lg  at  30, 
and  on  L^  at  80,  ordinates  are  drawn,  determined  by  the  ratio 
tan  t  =  tan  64°  42'.  Draw  TF,  UG,  VI,  and  WK  as  in  the  last 
example,  and  from  the  points  F,  G,  I  and  K  develope  the  orbit  by 
making  F  H,  =  F  A  sec  /,  &c. 
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By  the  method  of  Section  5,  using  H^  and  H^,  we  determine  the 
perihelion  distance  and  other  elements  of  the  parabola  which 
would  pass  through  those  two  points.  The  distance  so  determined 
is  72-7.  It  will  be  seen  by  Diagi*am  C.  how  nearly  it  coincides 
with  H2  and  H3.  The  vertex  of  the  parabola  (/.  e,  the  perihelion)  is 
at  P ;  its  longitude  (r)  measuring  268"*  55'.  The  time  T  may  be 
obtained  thus : — By  means  of  the  pediometric  line  N  N^  cut  off  Q, 
making  the  area  subtended  by  H^  Q  =  that  subtended  by  H|  H^, 
the  time  being  9  days.  It  is  easy  to  measure  the  small  arc  R  P 
as  i*2£  day.  T  therefore  becomes  June  9-18  +  9  —  i'2i  =  June 
1 6-97.    The  elements  of  the  orbit  are  now  ascertained : — 

T  June  16-97 

ir  268°  f  5' 

q  0727  [=  10^.9-86153] 

sa        270°  4S' 
t  64**  42' 

The  elements  calculated  by  Mr.  Hind  were : — 

T  June  16-457 

2^5°  15'  44" 

9  0.7346  [=  log- 9-8657] 

tt  270°  57'  46' 

f  63°  28' 46' 


'J' 


If  we  take  the  case  of  the  comet  dealt  with  in  the  last  example 
it  will  appear  that  the  space  due  to  the  parabolic  orbit  between 
the  dates  June  9  and  June  24  should  bear  the  proportion  of  about 
\'6'ji:  !•  (viz.  v^SVt*  ^  ^2)  to  that  ti-aversed  by  the  earth  during 
the  same  period — a  proportion  which  it  will  be  found  by 
measurement  on  the  diagram  has  been  very  nearly  obtained. 


Skctiox  9.     To  form  an  epiefttc/u  of  a  Cmnef, 

If  it  l>e  ilesired  to  fonn  an  ephemoris  from  the  elements  of  a 
cMiinet's  orbit  the  procedure  graphically  would  be  as  follows : — 

Taking  the  case  of  Example  i,  namely  given  the  perihelion 
distance  0*636,  and  the  date  of  perihelion  passage  Aug.  22*23 ; 
let  it  be  desired  to  find  the  comet's  place  in  R.  A.  and  Decl.  for 
Sept.  2-33. 
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By  dividing  the  normal  value  of  daily  motion  at  perihelion 
(Sect.  7)  by  '/o-636  we  obtain  in  this  case  in  terms  of  our  scale 
3*0518,  and  for  the  subtended  area  97-049.  This  requires  for  1 1- 1 
days  an  area  of  1077*24. 

The  formula  given  in  Section  5,  namely,  A=    ^   /;        ' would 

suffice  for  finding  the  place  on  the  orbit,  but  would  require  the 
solution  of  a  cubic  equation,  and  as  that  might  be  tedious,  it 
would  be  more  convenient  to  use  the  formula  as  a  correction  of  a 
value  otherwise  obtained.  By  the  pediometric  method  we  should 
obtain  ii'i  x  3*05 18  =  33-875  for  the  ordinate.  This  however 
would  be  somewhat  too  great,  as  the  space  inclosed  between  the 
chord  and  the  arc  is  too  large  to  be  neglected.  But  the  excess 
can  be  easily  calculated. 

From  the  equation  to  the  parabola  we  readily  obtain  the 
quantity  4*5107  as  the  abscissa  due  to  33*875,  and  from  the 

formula  A  =    ^   ^      ^  we  obtain  A  =  1 105-25. 

o 

The  area  in  excess,  28-01,  is  proportional  to  0-29  of  a  day,  so 
that  instead  of  the  place  due  to  Sept.  2*33  we  have  that  of  Sept. 
a-52,  which  will  probably  answer  the  purpose  aimed  at  nearly  as 
well :  if  not,  an  adjustment  could  be  easily  made. 

K  the  point  H^  had  been  at  a  greater  distance  from  the  Peri- 
helion, it  would  have  been  requisite  to  have  approximated  to  it 
by  stages  by  the  pediometric  method,  as  shown  in  Section  2,  the 
place  so  obtained  to  be  corrected  by  the  formula  used  above. 

The  point  H5  on  the  orbit  having  been  obtained,  draw  through 
it  the  straight  line  H  R,  perpendicular  to  the  node,  and  find  upon 
it  the  point  J  where  R  J  =  R  H5  cos  i.    Join  Eg  J  and^  this  will 

give  the  longitude  of  the  required  place.     Also  — ^  ^  -  =  tan  / 

gives  the  latitude. 

The  R.  A.  and  Decl.  may  now  either  be  computed  or  solved 
graphically. 
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CHAPTER  VII. 

A  CATALOGUE  OF  ALL  THE  COMETS  WHOSE  ORBITS  HAVE 

HITHERTO  BEEN  COMPUTED. 

XTTHEN  a  new  comet  has  been  dificovered,  the  first  thing  to 
^  *  be  done  is  to  obtain  3  observations  of  it,  whereby  the 
elements  of  the  orbit  may  be  computed.  The  computer  will 
then  examine  a  catalogue  of  comets  to  see  if  he  can  identify  the 
newly-found  stranger  with  any  that  have  been  before  observed*. 
The  value  of  a  good  catalogue  is  obvious ;  and  therefore  I  have 
compiled  as  complete  a  one  as  possible. 

In  the  preparation  of  the  following  list,  care  has  been  taken 
that  only  the  most  reliable  orbits  that  were  to  be  obtained  should 
be  inserted,  the  general  rule  being  to  prefer  the  one  which  was 
derived  from  the  longest  arc,  other  things  being  satisfactory. 
Among  the  authorities  consulted  may  be  mentioned  Pingrty 
JInn%ey^  Olbers^  Cooper^  Hind,  Arago,  Galle,  and  many  others. 

The  Epoch  of  perihelion  passage  is  expressed  in  Greenwich  Mean 
Time,  N.8.,  since  1582. 

The  Longitudes  of  Perihelion  and  of  the  Ascending  Node  are 
given  for  the  respective  epochs,  but  for  any  other  epoch  an 
allowance  must  be  made  for  the  effect  of  precession.  This 
allowance  is  additive  for  subsequent  dates  and  subtractive  for 
previous  ones,  as  follows:  i  year  =  50'';  100 years  =  i**  23' 46"; 
1000  years  =  13"  56'  50". 

The  periods  assigned  in  the  column  of  "  Duration  of  Visibility  " 
are  subject  to  much  uncertainty,  more  especially  in  the  case  of  the 
ancient  comets. 

•  In  the  Annuaire  de  V Oh$erf>atoir€      will  be  found   a   oaUJogue   of  oometn 
Boyal  de  Bruxellet,  1883,  at  p.  70,  there      arranged  in  the  order  of  tLe  Inclinatloni. 
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No. 

So. 

Y«r. 

PP. 

- 

a 

* 

' 

d.    ll. 

0 

0    "^ 

I 

1 

.170  BC. 

Winter 

1 50- J 10 

370-330 

above  30 

verynn. 

u 

1 

136 

April      ig 

»3<» 

3  30 

30 

i-oi 

3 

3 

6S 

Jfly 

300—330 

150-180 

70 

080 

4 

4 

" 

Oct.         8  19 

380 

38 

T". 

0-58 

5 

U) 

«A.D. 

J«>.       14    4 

3'S    0 

3a     40 

40  30 

044s 

6 

(4) 

W 

HToh    .9     1 

'.■ii  55 

U    jO 

17  0 

C-7JO 

i 

fi 

178 

8.pt.l»g. 

>90 

190 

iS 

°5 

s 

(4) 

lis 

April       6 

9 

6 

(+) 

140 

45> 

Nov.        9  ^3 
April        t  ± 

Jul,        3  " 

.89    0 

44    0 

03  73 

11 

7 

S39 

Oct.        10  14 

313  30 

58  or  338 

lO 

o-M' 

■5 

8 

56s  H. 

Jul,       II    18 

S4 

IJS  45 

6030 

0775 

'■1 

9 

568  ,i. 

Aug.       39     7 

3' 8  ?5 

^94  '5 

4    8 

0-907 

'f 

.0 

574 

April       7    6 

M3  3') 

.38  .7 

463. 

0963 

i6 

(4) 

760 

June      >l 

'7 

11 

7;o 

June       6  14 

3.^     7 

90  f9 

6.  49 

0-64" 

iS 

13 

837'- 

Ftb.       la  33 

^9    3 

306    33 

10-11 

0580 

19 

li 

96. 

Deo.       30    3 

368    3 

350  35 

79  33 

ofSa 

20 

(41 

989  ii. 

Sept.       II    33 

364 

84 

'7 

0568 

11 

'4 

1006 

March    ii 

304 

38 

17  30 

0-583 

11 

(+1 

106G 

April        I     0 

'64  5.=i 

=5  5° 

17    0 

0730 

3J 

IS 

1093 

Feb.       .5    0 

1^6  30 

135  40 

38  55 

0-938 

s-t 

16 

1097  i. 

Se|,t.      3,    3. 

3^'  no 

307  30 

73  30 

0-738 

== 

".I" 

J,.E.       30     7 

'.14  48 

'.1  30 

6    S 

0-948 

I .  It  Ib  uld  to  hkva  wpukteil  into  two  p*rt>. 

3.  It  had  ■  abort  but  briUiant  t«i]. 

4.  An  apparition  uf  SiiUej/'ii  cornel  (t),  mentioned  bj  Dion  CaaiiuB  a>  having  been 
■iiKpended  over  Kome  provioug  to  the  death  of  Agrippa. 

f.  An  apparition  of  Sullty'i  comti  (!).    It  bad  a  tul  8"  lonjf. 

6.  An  apparition  of  UalUy'i  eomet. 

9.  Element*  aomsvhat  doubtful,    it  bad  a  tail  30°  long. 

II.  Undoubtedly  an  apparition  of  Uaiie]/'i  tomet. 
13.  It  had  a  tail  10  feet  long  !  ! 

13.  A  mean  orbit.     It  had  a  tul  10°  long. 

14.  ElemeDta  very  reliable.     On  Sept,  8  it  bad  a  tail  40°  long, 
tf.  Elements  very  uncertun. 
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■ 

" 

CUndator. 

Ducov^. 

DiicO»er»'. 

Dmrnlkn 
ofVWbUttj. 

l-o 

7 

Pingrf 

Greek  oba. 

0 

i-o 

_ 

Peinw 

Cliinese  ob*. 

S  .«k.. 

i-o 

+ 

Peirca 

68.Jnlj23 

Cbinwabt. 

Syed.M. 

I'O 

- 

Hind 

1 1,  Ang.  i6 

Cbinew  obi. 

9  weak.. 

I'd 

- 

Hind 

66.  J«.  31 

Chineu  ob«. 

7.e.k.. 

lo 

_ 

Hind 

MI.  Mar.  2j 

ChlneMoba. 

4  weeka. 

I'O 

+ 

Hind 

I'O 

Hind 

li8,  April 

Oweeka. 

I-o 

+ 

Bunkliinlt 

MO.  Nov.  lo 

ChineAa  nbi^ 

6w«eka. 

Bind 

>9S 

7we«k^ 

I-o 

I^ngier 

4Sl.M»y  17 

CbincM  ab>. 

,3  w«k«. 

l-o 

+ 

BurekliMdt 

539,  Nov.  17 

ChiDMe  oba. 

9  weeks. 

I-o 

- 

Burckhanlt 

565,  Aug,    4 

Chintwt  ob*. 

15  -eeka. 

I-o 

+ 

LuiBier 

S68,ffept.    3 

Chinese  obf . 

10  wotka. 

l-o 

+ 

Hind 

S74.M«y    2 

Chinee  oU. 

Ij  weeks  (I). 

ro 

L..Bier 

760,  M,y  ,6 

CiiiDMe  obt. 

Sweeka. 

l-o 

- 

Uugier 

770,  M»y  16 

Chilw»  obi. 

loweok* 

l-o 

- 

Pingrd 

B37,  Mar.  »i 

Cbincse  oba. 

S-«.k.. 

l-o 

- 

Hind 

96,.  Jan.  =8 

CIlitKIMobl. 

5  wucka. 

lo 

- 

Burokhxrdt 

98g,J«lj,8 

ChiBO»  obft 

sweeka. 

I'O 

_ 

Viogri 

1006,  April 

BiiropekD  oba. 

3  or  6  weefca. 

10 

- 

Hind 

1066,  A[>ril  I 

Chinew  ob*. 

6  week,  or +  . 

I'O 

+ 

Hind 

io,,j.J.n.     B 

Chineae  oba. 

,7«.ek.. 

10 

+ 

BurckUrdt 

1097,  Sept.  30 

Chio<w  oba. 

4  -eeka. 

I-o 

+ 

Pingra 

1131.  Feb.     6 

Chineaa  oU. 

4weeki 

16.  An  appfcrilinn  of  HtdJti/i  fomct. 
];.        bad  >  Uil  ntiout  JO°  long. 

iR.  Tolnml)]]'  tnidworthy.  'Hie  matinium  length  of  the  tail  wm  So*,  Irai  It 
■IwinJIed  down  to  30°  in  11  rorttilgbt. 

10.  Probklily  itn  Bppuitioiiof  HiiUry'iQ>m<<.    Mantlotied  by  Mveral  SauuMiwritata, 
Ji.  Theso  bleiueoU  appear  to  have  muajhi")  the  notice  ol  recent  eomet^mphan, 

-though  given  by  Pingri ;  Imt  liiw  it  been  confuoDded  with  tha  tiillowing  I 

11.  Posnilily  an  itppiu-itldD  of  Uallfif'i  eond.  Tbia  ia  the  bmoiu  object  whieb 
<Teate.l  ench  univerial  lirMd  (hrougboot  Ennipe  in  1066.  In  England  it  wm  looked 
.i|u>n  lU  a  prenoge  uf  the  Bueceia  of  the  NornuD  invaaioo. 

13.  l!lemeiiU  •AtiiifltcliHj. 

34.  A  tail  jo°  long  waa  aeen  In  QiiDa,  and  n 
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Ho. 

ITo. 

Tar. 

PP. 

• 

a 

■ 

7 

d.    h 

.       . 

»     . 

3ti 

ij 

'»^4 

July 

'S  »J 

>;a  30 

'7S  30 

30  »S 

0-430 

'1 

•9 

"99 

M»rch 

31     7 

3    20 

loj    8 

6857 

03'8 

z9 

(4) 

1301  i. 

Oct. 

>i  13 

3" 

■38 

■3 

ff640 

*9 

H> 

1337  i. 

June 

'S     1 

)  10 

93      « 

40  >8 

o-8iS 

36 

" 

I3SI 

Kov. 

IS  *3 

69 

XX. 

jr 

« 

1362  J, 

M«i, 

"     4 

»I9 

M9 

>i 

0-456 

i* 

J3 

.366 

Oct. 

11  II 

48    4 

"7  »S 

»7  37 

0-979 

ii 

C4) 

■378 

No*. 

8  IS 

»99  31 

47  17 

17  ss 

0583 

u 

=4 

■385 

Oct. 

16    6 

loi  47 

>i38  31 

SI  »5 

0774 

35 

»i 

'43.1 

Not. 

1  .8 

S67     1 

96  10 

76    0 

o-49» 

J6 

36 

■449 

Dec. 

9    9 

364  j6 

161  iS 

14  30 

o-3»7 

37 

(4) 

'456 

Judo 

8    s 

»98  57 

43  S6 

■7  37 

ojSo 

38 

>7 

'457  iii- 

Sept. 

3  .6 

9»  so 

lo  20 

1-103 

39 

]« 

i«6j 

Aug. 

6    3 

196 

*5 

13       - 

0-31 

40 

19 

1468  ii. 

Oct. 

7    G 

3S6    3 

61   1; 

44  "9 

■^8S3 

41 

36 

'47* 

Feb. 

J8    s 

48    3 

«7  31 

I  55 

0539 

1490     { 

Dec. 

14  11 

5840 

»88  45 

5'  .17 

0-738 

41 

31 

Dec. 

.15   I' 

"3 

aGS 

75 

0-7S5 

43 

3S 

1499 

Sept. 

6  18 

0 

316  30 

Ji 

0954 

44 

33 

1500 

M»j 

'7 

J90 

3"o 

75 

'-4 

4S 

34 

IS06 

Sept, 

3   IS 

'SO  37 

13  >  SO 

45     I 

0-386 

46 

U) 

iS.u 

Aug. 

14  i> 

3°'  39 

49  =5 

17  .iC 

Oifiio 

-r 

3i 

.«.  { 

Oct. 
Oct. 

19  14 
19  11 

>35  44 
III     7 

119    8 
80.7 

4)  a7 
3136 

05091 

48 

36 

'SJ3     { 

June 

14  >I 

.fi  19 

«7  40 
104  ij 

»99  19 

.^^H4' 

.8,4 

35  49 

03.69 

o'loiS 

iG.  One  of  tlie  grandest  comets  od  record.     Its  tnil  ia  Bud  to  have  been  lOo''  long, 
lluek  hmi  publiahffll  »ever^  orbitii  all  differing  much  from  Prngri's. 

37.  Elements  very  doubtful. 

3S.  Probably  an  a|>]AritiQti  of  Hallry'i  comrl. 

99.  A  fine  comet.    The  eleinentu  assigned  by  Halley,  Pingr^,  and  Hind  differ 
■oinewhat  from  ihoae  here  given. 

,10.  Very  uncertain.    No  latitudes  given, 

,^l.  Uncertain.   The  tall  wu  lo/nf 'on<r,  and  tbe  head  niu  (Ac (iK  o/a  tcinr^Iiui/ 

II.  Very  oncertain. 

.1.1-  Anapmritionof/Mfry'aramrf. 

it.  TuliTably  certain.     Hic  tail  wiw  10"  long. 

37.  An  apjiiu-ition  of  l/aUrs't  cornel.     It  had  a  splendid  tail,  6o°  long.     At  One 
time  tho  henl  was  round,  and  the  use  of  a  Imll's  eye,  and  the  tnil  like  that  of  « 
■^V  !  !     irhlatK  0I-.) 
Only  approiimiiU.     It  lind  a  tail  1 5''  Ion;. 
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OBlculator. 

Date  of 
Diflcoveiy. 

Discorerar. 

Duration 
oCTisibiUty. 

I'O 

Pingr^ 

1264,  July  14 

Chinese  &  European 

3  months. 

I'O 

— 

Pingr^ 

1299,  Jan.  24 

Chinese  obs. 

II  weeks. 

i*o 

— 

Laugier 

1 301,  Sept.  16 

Chinese  &  European 

6  weeks. 

I'O 

— 

Laugier 

»337.  May 

Chinese  &  European 

3  or  4  months. 

I-o 

+ 

Burckhardt 

135 1.  Nov.  24 

Chinese  obs. 

I  week. 

I-o 

— 

Burckhardt 

1362,  Mar.    5 

Chinese  obs. 

5  weeks. 

I-o 

— 

Hind 

1366,  Aug.  26 

Chinese  obs. 

SevenJ  days. 

ro 

— 

Laugier 

1378.  Sept.  26 

Chinese  obs. 

6  weeks. 

I  o 

— 

Hind 

1.^85.  Oct.   23 

Chinese  obs. 

w 

ro 

— 

Celoria 

I433f  Oct.   12 

Chinese  obs. 

a  months. 

lO 

+ 

Celoria 

1450,  Jan.  19 

Chinese  obs. 

7  weeks. 

0-96 

— 

Celoria 

1456,  May  29 

European  &  Chinese 

I  month. 

I  0 

+ 

Hind 

1457,  June 

European  obs. 

3  months. 

10 

— 

Hind 

1462 

Chinese  obs. 

10 

— 

Laugier 

1 468,  Sept. 

European  obs. 

3  or  3  months. 

10 

— 

Laugier 

1471,  Dec. 

Regiomoutanus 

3  months. 

I  0 
10 

+ 

Hind           1 

* 

Peirce         J 

1 49 1,  Jan. 

Chinese  obs. 

(»)• 

I  0 

+ 

Hind 

'499 

Chinese  obs. 

w 

10 

— 

Hind 

1500,  April 

£uro])ean  &  Chinese 

3  weeks  or  + . 

10 

— 

Laugier 

1506,  July  31 

Chinese  obs. 

2  weeks. 

I-o 

— 

Halloy 

i53«.Aug.i± 

P.  Apian 

■5  weeks. 

ro 
I-o 

+ 

Mdcliain     -t 
Halley        J 

1532.  Sept.  22 

P.  Apian 

16  weeks. 

I-o 
I-o 

+ 

Olbeni         1 
Douwcs      J 

153.^,  Jane 

P.  Apian 

2}  months. 

40.  Uncertain.     It  had  a  tail  30"  Vm^. 

41.  A  celebrated  comet.  When  at  its  least  distance  from  the  Earth  (3,300,000 
miles),  on  Jan.  21,  it  was  quite  viidblc  in  full  daylight.  It  had  a  fine  tail,  which  the 
Chinese  Hay  was  04  lowj  a*  a  ftrcft  / 

43.  Uncertain. 

43.  In  the  middle  of  August  thit  Comet  seems  to  have  approached  very  near  to 
the  Kjirth. — (Hind,  MSS.  communirattiL) 
44    Klements  uncertain,    it  was  as  Utrge  oi  a  btdl/   and  had  a  tail  from  3*  to 

4f>.  An  apfxarition  of  Jfiillfy*8  comd.    It  had  %  tail  7*  long. 

47.  It  had  a  tail  several  degrees  long.  01l>erH  has  computed  an  orbit  which  agrees 
wuil  with  Hnlley'i*,  Init  M<$chain*s  is  oonsi<lero<l  the  liest. 

48.  According  to  Olbers,  both  these  orbits  will  satisfy  the  obsenrations,  and  it  is  as 
yet  iniiM)88ible  to  decide  between  them.     It  had  a  tail  15*  long. 

I.  1  2 
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Na 

No. 

Tear. 

PP. 

ir 

3 

1 

1 

9 

d. 

h. 

•  1 

0  t 

e   t 

49 

(18) 

1556 

April 

22 

0 

274  14 

175  25 

30  12 

0-5049 

50 

37 

1558 

Aug. 

10 

12 

329  49 

33«  36 

73  29 

o'5773 

5« 

38 

1577 

Oct. 

26 

22 

129  i|  2 

25  20 

75  9 

0-1775 

5» 

39 

1580 

Nov. 

28 

12 

loS  26 

19  6 

64  33 

0*6013 

53 

40 

1582 

May 

6 

16 

^45  23 

231  7 

61  17 

0-2257 

May 

6 

10 

'56  IS 

229  18 

60  47 

0-1683 

54 

4" 

1585 

Oct 

8 

0 

9  8 

37  44 

6  5 

10948 

55 

4« 

1590 

Feb. 

8 

0 

217  57 

165  37 

29  29 

0-5677 

56 

43 

»593 

July 

18 

13 

176  19 

164  15 

8758 

0*0891 

57 

44 

1596 

July 

n 

5 

270  54 

330  20 

51  58 

0-5671 

58 

(4) 

1607 

Oct. 

37 

0 

300  46 

48  14 

17  6 

0-5841 

59 

45 

i6i8i. 

Aug. 

»7 

3 

318  20 

293  25 

21  28 

0*5129 

60 

46 

•  •• 

—  111. 

Nov. 

8 

8 

3  5 

75  44 

37  " 

0*3895 

61 

47 

1652 

Nov. 

12 

15 

28  18 

88  10 

79  28 

08475 

6a 

(35  9 

166 1 

Jan. 

26 

21 

115  16 

81  54 

33  0 

04427 

63 

48 

1664 

Dec. 

4 

12 

130  33 

81  15 

21  18 

10255 

64 

49 

1665 

April 

24 

5 

71  54 

228  2 

76  5 

0*1064 

65 

50 

166S 

Feb. 

24 

18 

40  9 

193  26 

27  7 

0'251I 

Feb. 

28 

'9 

277  2 

357  17 

.=J5  58 

0*0047 

66 

51 

1672 

March 

I 

8 

46  59 

297  30 

83  22 

0*6974 

67 

5a 

1677 

May 

6 

0 

137  37 

236  49 

79  3 

0*2805 

68 

53 

1678 

Aug. 

18 

7 

322  47 

163  20 

2  52 

»I453 

49.  A  very  fine  comet,  which  was  expected  to  return  in  i860. 

50.  Hoek  gives :  PP.  »  Sept.  13 ;  ir  2 15° ;  S  335° ;  1  69" :  g  «  0-280. 

51.  It  had  a  tail  22°  long.    This  comet  formed  the  subject  of  the  observations  of 
Tycho  Brahe  for  the  detection  of  parallax. 

52.  Elements  approximate.     Observed  also  by  Tycho  Brahe. 

53.  Very  uncertain.    It  had  a  faint  tail  3°  long,  which  resembled  a  piece  of  silk ! ! 

54.  This  orbit  was  computed  some  yearu  ago,  to  see  whether  the  comet  of  1844  (ii) 
ss  identical  with  this  one. 

55.  It  had  a  tail  7*^  long. 

56.  It  had  a  tail  4^^  long. 

57.  Discovered  also  by  Tycho  Brahe. 

58.  An  apparition  of  Ifallei/'s  comet.    It  had  a  tail  7°  long. 

59.  Somewhat  uncertain.    Seen  at  Lintz,  Aug.  27,  and  by  Kepler,  Sept.  I. 
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Oalculator. 

Date  of 
DisooTery. 

Biscorerer. 

Duration 
or  risibility. 

i*o 

Hind 

1556.  Feb.  38 

P.  Fabriciufl 

10  weeks. 

I'O 

— 

Olben 

1558,  July  14 

Landgraveof  Hesse 

6  weeks. 

i*o 

__ 

VVoldsiedt 

1577,  Nov.    I 

In  Pern 

13  weeks. 

I'O 

+ 

Schjellerup 

1580,  Oct.     2 

Mcestlin 

10  weeks. 

I'O 

— 

Piogr^ 

158a,  May  12 

Tycho  Brahe 

3  weeks. 

I'O 

— 

D'Arrest 

lO 

+ 

C.  A.  Peters 
and  Sawitsch 

1 5851  Oct.   19 

Tycbo  Brahe  & 
Rotbmann 

4  weeks. 

I'O 

— 

Hind 

1590,  Mar.    5 

Tycho  Brahe 

3  weeks. 

I'O 

+ 

LaCaUle 

^593»  July  30 

De  Rifisen 

6  weeks. 

I'O 

— 

Hind 

1596,  July  II 

Mcestlin 

5  weeks. 

o'967o8 

— 

Lehmann 

1607,  Sept.  II 

Kepler 

9  weeks. 

I'O 

+ 

Pingr^ 

i6i8,Aug.  35 

At  Caschau 

4  weeks. 

I'O 

+ 

Bessel 

—   Not.  30 

Many  observers. 

7  weeks. 

I'O 

+ 

UaUey 

1653,  Deo.  30 

Hevelius 

3  weeks. 

I'O 

+ 

M^chain 

1661,  Feb.    3 

Hevelius 

5  weeks. 

I'O 

— 

Lindelof 

1664,  Nov.  17 

In  Spain 

17  weeks. 

I'O 

— 

Halley 

1665,  Mar.  37 

At  Ait 

4  weeks. 

I'O 
I'O 

+ 

Henderson  i 
Henderson  J 

1668,  Mar.    5 

Gottignies,  etc. 

3  weeks. 

I'O 

+ 

HaUey 

1673,  Mar.    3 

Hevelius 

7  weeks. 

I'O 

— 

HaUey 

1677,  April  37 

Hevelius 

13  days. 

o'62697 

+ 

Le  Verrier 

1678,  Sept.  II 

La  Hire 

4  weeks. 

60.  A  splendid  comet ;  it  had  a  tail,  according  to  Longomontanus,  104**  long,  and 
of  a  reddish  hue.     Said  to  have  been  visible  in  the  daytime. 

61.  Elements  only  approximate. 

63.  Bv  some  supposcKi  to  be  identical  with  t&e  comet  of  1533  ;  it  was  not  re- 
obeerved,  however,  as  was  anticipated,  about  1 791. 

63.  It  had  a  tail  from  6*^  to  10  long. 

64.  It  had  a  tail  35°  long. 

65.  Seen  chiefly  in  the  southern  hemisphere ;  both  orbits  satisfy  the  obMiratioDi, 
and  it  is  impossible  to  say  which  is  the  correct  one. 

66.  It  had  a  tail  about  1°  long. 

67.  It  had  a  tail  about  6^  long. 

68.  Elements  only  approximate. 
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No. 

No. 

Tear. 

PP. 

w 

3 

1 

2 

d.  h. 

0   1 

0   / 

0  / 

69 

54 

1680 

Dec. 

17  n 

263  49 

372  9 

60  40 

0*0062 

70 

(4) 

1683 

Sept. 

14  19 

301  55 

51  II 

i7  44 

0*5829 

71 

55 

1683 

July 

13  2 

85  35 

173  24 

83  13 

o-5f95 

72 

66 

1684 

June 

8  10 

238  52 

268  15 

6548 

0*9601 

73 

57 

1686 

Sept. 

16  I4 

77  0 

350  34 

31  21 

0-3350 

74 

58 

1689 

Nov. 

39  4 

269  41 

90  35 

59  4 

0*0189 

75 

59 

1695 

Nov. 

9  16 

60 

316 

22 

08435 

76 

60 

1693 

Oct. 

18  16 

270  51 

367  44 

II  46 

0-6912 

77 

61 

16991. 

Jan. 

13  8 

212  31 

321  45 

69  30 

0-7440 

78 

63 

1 701 

Oct. 

17  9 

133  4« 

398  41 

41  39 

0-5926 

79 

^i 

1703  iL 

March 

13  14 

13846 

188  59 

4  H 

06468 

80 

64 

1706 

Jan. 

30  4 

73  39 

13  II 

55  H 

0*4258 

81 

65 

1707 

Dec. 

II  23 

79  54 

52  46 

88  36 

08597 

81 

66 

1718 

Jan. 

14  21 

131  39 

127  55 

31  8 

1*0254 

83 

67 

1723 

Sept. 

27  15 

42  52 

14  14 

50  0 

0*9987 

84 

68 

1739 

June 

13  6 

320  31 

310  38 

77  5 

40435 

85 

69 

17371. 

Jan. 

30  8 

325  55 

326  33 

18  30 

0-2226 

86 

70 

•  • 

—  n. 

June 

a  5 

261  58 

13a  5 

61  52 

0.8349 

87 

71 

1739 

June 

17  10 

102  38 

207  35 

55  42 

0-6735 

88 

72 

17421. 

Feb. 

8  4 

ai7  35 

185  38 

66  59 

0*7656 

89 

73 

I743i. 

Jan. 

8  4 

93  19 

8654 

I  53 

0*8615 

90 

74 

•  • 

—  11. 

Sept. 

30  31 

247  0 

6  2 

45  37 

0*5229 

91 

75 

1744 

March 

I   8 

197  12 

45  45 

47  8 

0'32  20 

69.  A  splendid  comet,  whose  tail  ultimately  attained  a  length  of  from  70^  to  90°. 
Halley  conjectured  that  this  was  a  return  of  the  comet  of  1106,  531  A.D.,  and  44  B.C., 
but  this  has  since  been  shewn  to  be  unlikely.  The  orbit  here  given  supposes  a  period 
of  88 1 4  years  ;  this,  however,  is  subject  to  much  uncertainty,  inasmuch  as  the  ob- 
servations might  possibly  be  satisfied  by  an  805  years*  ellipse,  or  even  by  a  liJpoi> 
boiic  orbit. 

70.  An  apparition  oi Halletfa  comet.     It  had  a  tail  from  12^  to  1 6"^  long. 

71.  It  had  a  tail  varying  from  2^  to  4^ 

73.  Its  nucleus  was  as  bright  as  a  ist-magnitude  star,  and  it  had  a  tail  18°  long. 

74.  Observed  very  roughly  in  the  East  Indies.  It  had  a  tail  60**  long.  Pingr^ 
makes  the  S  —  323^45'. 

75.  Observed  still  more  imperfectly  than  the  last  in  the  southern  hemisphere.  It 
had  a  tail  18^  long. 

76.  Uncertain. 
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Calculator. 

Date  of 
Discovery* 

Dificoverer. 

Duration 
oCTiaibility. 

099998 

Encke 

1680,  Nov.  14 

6.  Kiich 

1 8  weeks. 

0*96792 

— 

Boeenberger 

1 68  a,  Aug.  15 

FUmsteed 

5  weeks. 

10 

— 

Plummer 

1683,  July  23 

FlamBteed 

6  weeks. 

i-o 

+ 

Halley 

1684,  July    I 

Bianchini 

a  weeks. 

vo 

+ 

Halley 

1686,  Aug. 

In  India 

I  month. 

10 

— 

Vogel 

1689,  Dec.  10 

Richaud 

a  weeks. 

vo 

+ 

Burckliardt 

1695,  Oct.   a  8 

Jacob 

3  weeks. 

vo 

— 

Halley 

1698,  Sept.   a 

La  Hire 

4  weeks. 

vo 

— 

La  CaiUe 

1699.  Feb.  17 

Fontenay 

a  weeks. 

vo 

— 

Burckhardt 

1 701,  Oct.   a8 

Pallu 

I  week. 

I-o 

+ 

Burckhardt 

170a,  April  20 

Bianchini 

1  weeks. 

vo 

+ 

La  CaiUe 

1706,  Mar.  18 

J.  D.  Cassini 

4  weeks. 

vo 

+ 

La  CaiUe 

1707,  Nov.  25 

Mnnfredl 

8  weeks. 

vo 

Argelander 

1718,  Jan.   i8 

C.  Kirch 

3  weeks. 

vo 

— 

Sporer 

1723.  Oct.     9 

Uncertain 

9  weeks. 

100503 

+ 

Burckhardt 

1729,  July  31 

Sarabat 

25  weeks. 

I-o 

+ 

Bradley 

1737,  Feb.     6 

In  JamiucA 

4  weeks. 

I'O 

+ 

Hind 

—    Feb. 

At  Pekin 

(») 

1*0 

— 

LaCaille 

1739,  May  a8 

2^notti 

II  weeks. 

i-o 

— 

La  CaiUe 

174a,  Feb.    5 

Ca|>e  of  G.  Hope 

13  weeks. 

072130 

+ 

ClauRen 

1743,  Feb.  10 

Grischau 

a  weeks. 

10 

— 

D*Arre«t 

—   Aug.  18 

KUnkenberg 

4  weeks. 

10 

+ 

Beits 

—    Dec.     9 

KUnkenberg 

4  months  (f) 

78.  Observed  also  by  Thomas  at  Pekin. 

79.  Very  roughly  observed  ;  visible  to  the  naked  eye. 
81.  Dii»covcred  by  J.  D.  Cassini,  Nov.  a9. 

83.  It  was  seen  in  Europe,  with  a  faint  tail  i**  long. 

84.  Scarcely  perceptible  to  the  naked  eye.  The  orbit  is  a  hyperbolic  one,  and 
remarkable  for  its  enormous  |)eriheUon  distance,  the  greatest  known. 

86.  Elements  only  approximate. 

88.  Visible  to  the  naked  eye,  with  a  tail  6**  or  8**  long. 

89.  Very  imperfectly  observed.     An  elliptic  orbit ;  period  assigned,  5*436  yean. 

90.  Very  uncertain.     Visible  to  the  naked  eye. 

91.  Tlie  finest  comet  of  the  1 8th  century.  On  Feb.  15  it  had  a  bifid  taU,  the 
f.-vstern  portion  being  7**  long,  and  the  western  34^  Visible  in  a  telescope  in  the 
daytime.  Euler  has  calculated  an  elliptic  orbit,  to  which  he  assigns  a  period  of 
iaa,683  years ! !  The  statement  of  this  comet  having  had  six  tails  (at  one  time  dis- 
believtd)  has  been  confiniiod  by  the  testimony  of  De  lisle  discovertd  by  Winnecke. 
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Ka 

Ka 

Tcv. 

PP. 

» 

3 

ft 

« 

d. 

h. 

0   # 

0  * 

0  r 

9» 

(17^ 

1746 

Feb. 

15 

0 

I40  0 

335  0 

6  0 

cr95 

93 

76 

1747 

March 

3 

7 

277  a 

147  18 

79  6 

»I985 

94 

77 

1748  L 

April 

28 

IS 

215  23 

232  51 

85  28 

o*af04 

95 

78 

•• 

—  11. 

June 

18 

21 

278  47 

33  8 

67  3 

0-6253 

96 

79 

1757 

Oct. 

21 

7 

122  58 

214  12 

12  50 

03375 

97 

80 

1758 

June 

II 

3 

267  38 

230  50 

68  19 

0-2153 

98 

(4) 

1759  »• 

March 

12 

13 

303  10 

53  50 

17  36 

05845 

99 

81 

•  • 

—  u. 

Nov. 

27 

2 

53  24 

»39  39 

7859 

07985 

100 

82 

••• 

UL 

Dec. 

16 

21 

138  24 

79  50 

4  5» 

0-9659 

lOI 

83 

1762 

May 

28 

8 

104  a 

348  33 

8538 

1*0090 

10a 

84 

1763 

Nov. 

I 

20 

8458 

356  24 

72  31 

0-4982 

103 

85 

1764 

Feb. 

12 

*3 

'5  14 

120  4 

5«  53 

0-5552 

104 

85 

1766  t 

Feb. 

17 

8 

143  15 

244  10 

40  50 

05053 

105 

87 

•  • 

—   11. 

April 

26 

23 

251  13 

74  11 

8  I 

03989 

106 

88 

1769 

Oct. 

7 

H 

144  II 

*75  3 

40  45 

0-1227 

107 

89 

1770   i. 

Aug. 

13 

12 

356  16 

»3»  59 

I  34 

0-6743 

108 

90 

—  ii. 

Nov. 

22 

5 

208  22 

108  42 

31  n 

0-5282 

109 

9» 

1771 

April 

19 

5 

104  3 

«7  51 

II  15 

09034 

110 

92 

i;73 

Feb. 

19 

2 

no  14 

254  0 

18  17 

I -01 36 

III 

93 

1773 

Sept 

5 

'4 

75  10 

121  5 

61  14 

I -1 268 

112 

94 

1774 

Aug. 

15 

»9 

317  27 

18044 

83  20 

1-4328 

"3 

95 

1779 

Jan. 

4 

2 

87  14 

25  4 

32  30 

0*7131 

"4 

96 

1780  L 

Sept. 

30 

22 

246  35 

"3  41 

54  23 

0-0963 

92.  Elements  uncertain,  but  they  strongly  resemble  those  of  the  comet  of  123 1. 
It  passed  very  near  the  Earth. 

93.  Observed  only  during  1 746. 

94.  Discovered  by  J.  D.  Maraldi,  April  30.     Visible  to  the  naked  eye,  with  a  tail 
3^  long. 

95.  Very  uncertain. 

96.  Elements  tolerably  reliable.    It  had  a  small  tail. 

98.  The  first  predicted  apparition  of  HalUy*8  comet.    On  May  5  its  tail  was  47" 
long. 

99.  Virible  to  the  naked  eye,  with  a  tail  5"  long.     Elements  resemble  those  of  the 
comet  of  1449. 

100.  This  comet  came  near  the  Earth,  and  moved  with  great  rapidity ;  it  had  a 
tail  4°  long. 

loi.  It  bad  a  small  tail. 

102.  An  elliptic  orbit ;  period  assigned,  7334  years.    Lexell  makes  it  1137  years. 
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+ 

Calculmftor. 

Date  of 
Discovery. 

Difooverer. 

Duration 
ofirisibUity. 

I'O 

Htud 

1746,  Feb.    a 

Kindermans 

4  weeks. 

lO 

— 

La  CaiUe 

—     Aug.  13 

Ch^ux 

15  weeks. 

1-0 

— 

Le  Monnier 

1 748,  April  36 

At  Pekin 

9  weeks. 

I'O 

+ 

Besael 

—     May  19 

Klinkenberg 

4  days. 

I'O 

+ 

Bradley 

"757*  Sept.  II 

Gartner 

5  weeks. 

1  i-o 

j 

+ 

PiDgr^ 

1758,  May  36 

LaNuz 

5  months. 

0-96768 

— 

Rosenberger 

—     Dec.  35 

PaUtzch 

5  months. 

I-o 

+ 

LaCaille 

1760,  Jan.  35 

Messier 

8  weeks. 

1*0 

— 

LaCaiUe 

—     Jan.     7 

At  Lisbon 

14  weeks. 

I-o 

+ 

Burckhardt 

1763,  May  17 

Klinkenberg 

6  weeks. 

0-99868 

+ 

Burckhardt 

1763,  Sept.  38 

Messier 

8  weeks. 

I-o 

— 

Pingr^ 

1764.  Jan.     3 

Messier 

6  weeks. 

I'O 

— 

Pingrtf 

1766,  March  8 

Messier 

9  weeks. 

0*8640 

+ 

Burckhardt 

—    April    I 

Helfenzrieda 

6  weeks. 

0-99934 

+ 

Bewel 

1769,  Aug.  8 

Messier 

16  weeks. 

0-78683 

+ 

Le  Venier 

1770,  June  14 

Messier 

15  weeks. 

I-o 

— 

Pingr^ 

1771,  Jan.  10 

LaNuz 

8  days. 

100936 

+ 

Encke 

—     April   1 

Messier 

15  weeks. 

0-90314 

+ 

Beiwel 

1 773,  Mar.    8 

Montaigne 

3  weeks. 

I-o 

+ 

Burckhanit 

'773,  Oct.  13 

Messier 

37  weeks. 

i*oa839 

+ 

Burckhardt 

1774.  Aug.  II 

Montaigne 

II  weeks. 

10 

1 

+ 

Zacb 

1779,  *'^*°*     ^ 

Bode 

19  weeks. 

1 

o'99994 

— 

ClUver 

1780,  Oct.  36 

Messier 

5  weeks. 

103.  Visible  to  the  naked  eye,  with  a  tail  3^"*  long. 

105.  Discovered  by  Messier,  April  8.  An  elliptic  orbit ;  period  assigned,  5*035 
years.     Visible  to  the  naked  eye,  with  a  tail  3°  or  4^  long. 

106.  Visible  to  the  naked  eye,  with  a  tail  from  60^  to  80**  long.  Bessel  assigns 
3090  years  as  the  moHt  likely  period  of  revolution.  He  has  shewn  that  an  error  of 
5"  either  may  increase  the  period  to  3673  years  or  diminish  it  t«>  1693  yean. 

107.  The  celebrated  LtxtlVi  conui.  The  diameter  of  the  head,  July  i,  was  H^ 
It  had  alMO  a  small  tail,  and  approached  within  1,400,000  miles  of  ihe  Earth. 

108.  It  had  a  faint  tail,  5**  long. 

109.  The  orbit  of  this  oomet  nas  been  found  hyperbolic.  It  had  m  tale  aboat  a 
long.     Recent  calculations  by  Kreus  negatiTe  the  hyperbola  (A,  N,,  3469). 

110.  The  first  recordtd  apparition  of  BiM»  comet. 

111.  Just  perceptible  to  the  naked  eye. 

113.  Discovered  by  Messier,  Jan.  18. 

11 4.  An  elliptic  orbit ;  period  assigned,  75,314  yean. 
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Xa 

Na 

Tcmr. 

pp. 

0      # 

8 

1 
f 

1 

9 

d. 

h. 

0       1 

0      » 

i'5 

97 

1780 

•  • 

IL. 

Not. 

a8 

23 

346  5  a 

141     1 

7a    3 

0-5153 

ii6 

98 

1781 

• 

1. 

July 

7 

4 

239  it 

83    0 

81  43 

07758 

117 

99 

— 

•  • 

XL 

Nov. 

29 

12 

16    3 

77  22 

27  13 

0*9610 

Its 

100 

1783 

• 

1. 

Nov. 

'9 

'3 

49  3' 

55  12 

47  43 

i'49.S3 

119 

lOI 

1784 

• 

1. 

Jan. 

21 

4 

8044 

56  49 

.''I     9 

07078 

120 

loa 

— 

•  • 

March 

10 

6 

137 

35 

84 

0^37 

121 

103 

1785 

• 

1. 

Jan. 

27 

7 

109  51 

264  12 

70  14 

11434 

132 

104 

— 

U. 

April 

8 

8 

297  29 

64  33 

87  31 

04273 

"3 

105 

1786 

• 

Jan. 

30 

20 

156  38 

334    8 

13  36 

03348 

124 

106 

— 

•  • 

u. 

July 

7 

21 

'59  25 

194   32 

50  54 

0*4101 

"5 

107 

1787 

May 

10 

'9 

7  44 

106   51 

48  15 

0*3489 

126 

108 

1788 

• 

1. 

Nov. 

10 

7 

99    8 

'56   56 

12  27 

1*0630 

1 

127 

109 

— 

•  • 

u. 

Nov. 

20 

7 

22  49 

352    24 

64  30 

07573 

128 

no 

1790 

• 

1. 

Jan. 

'5 

5 

60  14 

176    II 

31  54 

07581 

129 

III 

— 

•  • 

u. 

Jan. 

28 

7 

III  44 

267    8 

56  58 

1*0632 

'30 

1X3 

— 

•  •  • 

lU. 

May 

21 

5 

273  43 

33  " 

63  52 

07979 

131 

113 

1792 

• 

1. 

Jan. 

13 

'3 

36  29 

190  46 

39  46 

1*3930 

'33 

"4 

— 

•  • 

11. 

Dec. 

27 

6 

'35  59 

283  15 

49     I 

0*9662 

»33 

"5 

1793 

• 

1. 

Nov. 

4 

20 

228  42 

108  29 

60  21 

0-4034 

»34 

116 

— 

•  • 

11. 

Nov. 

20 

5 

7'  54 

2    0 

51  31 

i*495i 

135 

(105) 

»795 

Dec. 

21 

10 

156  41 

334  39 

13  42 

03344 

136 

117 

1796 

April 

2 

19 

'92  44 

17     2 

^4  54 

1*5781 

137 

118 

'797 

July 

9 

2 

49  27 

329  IS 

50  40 

0*5266 

138 

119 

1798 

• 

1. 

April 

4 

II 

'04  59 

122    9 

43  52 

0*4847 

139 

120 

— 

11. 

Dec. 

31 

13 

34  27 

249  30 

42  36 

0*7795 

115- 
116. 

Earth. 

118. 

119. 

120. 
ever  ex 

122. 

123. 
ii6. 
ij8. 


Discovered  by  Olbers  on  the  same  day. 

Visible  to  the  naked  eye,  Nov.  9,  with  a  tail  3**  long.    It  came  very  near  the 

An  elliptic  orbit ;  period  assigned,  5*613  years. 

Visible  to  the  naked  eye,  with  a  tail  2**  lung. 

Not  only  are  the  elements  uncertain,  but  it  is  doubtful  whether  the  comet 

isted. 

Visible  to  the  naked  eye,  with  a  tail  8°  long. 

The  first  recorded  apparition  of  Encke*H  comet. 

Visible  to  the  naked  eye,  with  a  tail  2  j'  Ion/. 

Imperfectly  observed  on  four  occasions.    Elements  only  approximate. 
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M 

Date  of 
Diacorery. 

Discoverer. 

Durathm 
ofyisibilitj. 

i*o 

Olbera 

1780,  Oct.   18 

Montaigne 

3Klay8. 

I'O 

+ 

M^chiiin 

1 781,  June  a8 

M^hain 

3  weeks. 

I'O 

— 

M^chaia 

—     Oct.     9 

M^chain 

II  weeks. 

0-6784 

+ 

Burckhardt 

1783.  Nov.  19 

Pigott 

4  weeks. 

i-o 

— 

M^cluun 

—     Dec.  15 

LaNux 

23  weeks. 

i-o 

+ 

Burckhardt 

1 784,  April  10 

D'Angog 

5  days. 

I  0 

+ 

M^chain 

1785,  Jan.     7 

MesHier 

5  weeks. 

10 

— 

M^chain 

—     Mar.  n 

M^chain 

5  weeks. 

084836 

+ 

Encke 

1786,  Jan.  17 

M^hain 

3  days. 

10 

+ 

M^chain 

—     Aug.    I 

MiHS  HerBcbel 

12  weeks. 

10 

— 

Saron 

1787,  April  10 

M^hain 

7  weeks. 

I-o 

.. 

M^uhain 

1788,  Nov.  25 

Messier 

5  we^kt. 

10 

+ 

M^chain 

—     Dec.  21 

Miss  Herschel 

4  weeks. 

10 

— 

Saron 

1790,  Jan^    7 

Miss  Herschel 

2  weeks. 

10 

+ 

M^chain 

—     Jan.     9 

M^hain 

3  weeks. 

I  0 

— 

M^hain 

—    April  18 

Miss  Herschel 

10  weeks. 

10 

.. 

M^chain 

179 1,  Dec.  15 

Miss  Herschel 

6  weeks. 

10 

— 

ProBperin 

1793,  Jan.    8 

Gregory 

6  weeks. 

1-0 

— 

Saron 

—     Sept.  17 

Messier 

15  weeki. 

0-97341 

+ 

D'Arrest 

—    Sept.  24 

Pemj 

10  weeks. 

0-84888 

+ 

Encke 

1 795,  Nov.    7 

Miss  Herschel 

3  weeks. 

10 

_ 

Olbem 

1 796,  Mar.  31 

Olbers 

2  weeks. 

10 

— 

Olbers 

1797,  Aug.  14 

Bouvard 

3  weeks. 

10 

+ 

Burckhardt 

1798,  April  12 

Messier 

6  weeks. 

I-o 

— 

Burckhardt 

—     Dec.    6 

Bouvard 

I  week. 

1 50.  Vivtble  lo  the  naked  eye,  with  a  tail  4**  long. 

133.  Diticovurcd  by  M^chaiu  and  Piazzi,  Jan.  10.    There  was  a  trace  of  a  tail  to 
be  seen. 

134.  Discovered  by  Miss  Herschel,  Oct.  7.    An  elliptic  orbit ;  period  aMOgned,  422 
years. 

135.  An  apparition  (f  Fnck€*$  comeL    It  was  just  visible  to  the  naked  eye. 

136.  Very  faint. 

137.  Discoverefl  by  Miss  Herschel  and  Lee  on  the  same  evening  ;  by  ROdiger, 
Au^.  15,  and  by  Kecht,  Aug.  16. 

139.  DiHCovercd  by  Olbers,  Dec.  18.     Elements  only  approximate. 
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Na 

Na 

Teur. 

PP. 

•  0 

Q 

1 

9 

d.  h. 

e   / 

e  t 

140 

III 

1799  i. 

Sept. 

7  5 

3  39 

9933 

50  56 

0*8399 

141 

(61) 

•  • 

—  u. 

Dec 

35  31 

190  30 

326  49 

77  I 

0-6358 

14a 

133 

1801 

Aug. 

8  13 

183  41 

42  38 

30  45 

03564 

143 

"3 

1803 

Sept. 

9  21 

333  9 

310  15 

57  0 

1-0941 

»44 

134 

1804 

Feb. 

13  15 

,  m8  53 

176  49 

56  44 

1-0773 

MS 

(105) 

1805 

Nov. 

31  13 

»56  47 

334  30 

13  3S 

0*3404 

146 

(90 

1806  L 

Jan. 

I  23 

109  33 

351  15 

13  38 

0*9068 

H7 

"5 

•  • 

—  u. 

Dec. 

38  32 

97  2 

332  19 

35  3 

1*0815 

148 

136 

1807 

Sept. 

18  17 

370  54 

266  47 

6s   10 

0*6461 

149 

127 

1808  ii. 

May 

13  22 

69  13 

333  58 

45  43 

0-3898 

150 

138 

•  •• 

—  m. 

July 

13   4 

253  38 

34  11 

39  '8 

0*6079 

151 

139 

1810 

Oct. 

5  I 

6456 

308  35 

63  5 

0-9685 

15a 

130 

1811  L 

Sept. 

13   6 

75  0 

140  34 

73  3 

10354 

153 

131 

•  • 

—  u. 

Nov, 

10  33 

47  37 

93  I 

31  17 

1*5831 

'54 

133 

1813 

Sept. 

»5  7 

92  18 

353  I 

73  57 

07771 

IS5 

133 

1813  i. 

March 

4  " 

69  56 

60  48 

31  13 

0*6991 

156 

134 

•  • 

—  u. 

May 

19  10 

197  43 

43  40 

81  3 

1*2161 

157 

135 

I8I5 

April 

25  33 

149  3 

83  38 

44  39 

1*2138 

158 

136 

I8I6 

March 

1  8 

367  35 

333  14 

43  5 

00485 

159 

137 

1818  i. 

Feb. 

3  5 

76  18 

356  I 

34  11 

06959 

160 

138 

•  • 

Feb. 

25  23 

183  45 

70  36 

8943 

1X977 

161 

139 

•  •• 

—  m. 

Dec. 

4  33 

loi  55 

89  59 

63  5 

0*8550 

162 

1 

(105) 

1819  i. 

Jan. 

37   6  : 

156  59 

334  33 

13  36 

03353 

140.  Discovered  by  Olbers,  Aug.  26.  At  first  £funt,  but  afterwards  visible  to  the 
naked  eye,  with  a  tiul  lo"*  long. 

141.  Probably  a  return  of  the  comet  of  1C99.  Visible  to  the  naked  eye,  with  a 
tail  fipom  1°  to  3°  long. 

143.  Discovered  at  Paris,  July  I3.    Elements  resemble  those  of  the  comet  of  1462. 

143.  Discovered  by  M^hain,  Aug.  38,  and  by  Gibers,  Sept  2. 

144.  Discovered  by  Bouvard,  March  10,  and  by  Olbers,  March  13. 

1 45.  An  apparition  of  Enckes  cornet  Discovered  by  Pons^  Huth,  and  Bouvard, 
Oct.  30.    Visible  to  the  naked  eye,  with  a  tail  3°  long. 

146.  An  apparition  of  Jiiela'a  comet.  Discovered  by  Bouvard,  Nov.  16,  and  by 
Huth,  Nov.  33.     Visible  to  the  naked  eye. 

148.  Discovered  by  Pons,  Sept.  30.  It  wag  visible  to  the  naked  eye,  with  a  tail  5° 
long.  An  elliptic  orbit;  period  assigned,  17 14  years,  which  may,  however,  be  ex- 
tended to  2157  years  or  itKluced  to  1403  years. 

149.  DiHcovered  by  Wisniewski,  March  39. 

150.  Elements  only  approximate. 
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M 

Calculator. 

Date  of 
Discovery. 

Discoverer. 

Duration 
of  Visibility. 

1*0 

Burckhardt 

1779.  Aug.    7 

M^chain 

3  weeks. 

I'O 

• 

— 

M^hain 

—    Dec.  26 

M^chain 

10  days. 

i*o 

— 

Doberck 

1 801,  June  30 

Reisfdg 

3  weeks. 

i-o 

+ 

Olbera 

1802,  Aug.  26 

Pons 

6  weeks. 

I'O 

+ 

BouTard 

1804,  Mar.    7 

Pons 

3  weeks. 

0*84617 

+ 

Encke 

1805,  Oct.   19 

ThuKs 

3  weeks. 

074578 

+ 

Grambnrt 

—     Nov.  10 

Pons 

4  weeks. 

I'O 

— 

Burckhardt 

1806,  Nov.  10 

Pons 

14  weeks. 

099548 

+ 

Bessel 

1807,  Sept.  9 

Parisi 

28  weeks. 

1-0 

— 

Encke 

1808,  Mar.  25 

Pons 

I  week. 

i*o 

— 

Beiwel 

—    June  24 

Pons 

10  days. 

10 

+ 

Thraen 

1810,  Aug.  22 

Pons 

6  weeks. 

099509 

— 

Argelander 

181 1,  Mar.  26 

Flaugergues 

17  months. 

0-98271 

+ 

Nicolai 

—     Nov.  16 

Pons 

13  weeks. 

0*95454 

+ 

Encke 

181 2,  July  20 

Pons 

10  weeks. 

i*o 

— 

NicoUett 

1813,  Feb.     4 

Pons 

5  weeks. 

i-o 

— 

Encke 

—     Mar.  28 

Pons 

6  weeks. 

0-93121 

+ 

Bessel 

1815,  Msr.    6 

Olbers 

25  weeks. 

I-o 

+ 

Burckhardt 

1816,  Jan.  22 

Pons 

II  days. 

I'O 

+ 

Hind 

1818,  Feb.  23 

Pons 

4  days. 

10 

+ 

Encke 

1R17,  Dec.  26 

Pons 

18  weeks. 

I-o 

— 

Roflenberger 

1818,  Nov.  28 

Pons 

9  weeks. 

0*84858 

+ 

Encke 

—     Nov.  26 

Pons 

7  weeks. 

152.  A  very  celebrated  comet,  conspicuously  visible  in  the  evenings  of  the  autumn 
of  iKii.  It  had  a  tail  25°  long  and  6^  broad.  The  moht  reliable  computations  assign 
a  {>eriodic  tenn  of  3065  veara,  subject  to  an  uncertainty  of  not  more  than  43  yean. 
The  orbit  of  this  comet  is  liable  to  much  planetary  perturbation. 

153.  An  elliptic  orbit ;  period  assip^ed,  875  years.     Visible  to  the  naked  eye. 

154.  An  elliptic  orbit;  period  aifsigneti,  7068  years.  Visible  to  the  naked  eye^ 
with  a  tail  3°  long. 

156.  Discovered  altio  by  Hanlini;*  April  3.     Visible  to  the  naked  eye. 

157.  An  elliptic  orbit;  period  assigned,  70^9  years.  Bessel  anticipated  that 
planetary  perturbation  would  bring  it  back  to  perihelion,  1887,  Feb.  9.  It  had 
a  nhort  tail. 

158.  Elements  only  approximate. 

1 59.  The  observation!!  were  few  and  indifferent. 

161.  Discovered  by  Bessel,  Deo.  23.  It  moved  very  rapidly.  Roeenberger  has 
computed  a  hyperbolic  orbit. 

162.  An  ap|>arition  of  Enckt*9  comet,  the  periodicity  of  which  was  now  discovered. 
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Na 

No. 

Tear. 

PP. 

V 

3 

1 

9 

d. 

h. 

0   / 

0   / 

0  / 

163 

140 

1819  ii. 

June 

27 

17 

287  5 

273  42 

8044 

0-3410 

164 

141 

•  •  • 

—  111. 

July 

18 

21 

«74  40 

113  10 

10  42 

0-7736 

165 

143 

—  iv. 

Nov. 

ao 

5 

67  18 

77  13 

9  I 

0*8935  . 

166 

143 

1821 

March 

21 

12 

239  «9 

4840 

73  3 

0-0918 

167 

144 

i8aa  i. 

May 

5 

H 

19^  43 

177  26 

53  37 

0-5044 

168 

(105) 

•  • 

—  11. 

May 

23 

23 

ni  " 

334  25 

13  20 

03459 

169 

145 

•  •• 

—  Ul. 

July 

»5 

20 

219  59 

97  44 

36  18 

0-8473 

170 

146 

—  iv. 

Oct. 

23 

18 

271  40 

92  44 

52  39 

I  1450 

171 

147 

1823 

Dec. 

9 

10 

274  34 

303  3 

76  11 

0*2365 

172 

148 

1824  i. 

July 

II 

12 

260  16 

234  19 

54  34 

0-5912 

173 

H9 

—  ii. 

Sept. 

29 

I 

4  31 

279  n 

54  36 

10501 

174 

(112) 

1825  i. 

May 

30 

13 

273  55 

20  6 

5<5  41 

0*8891 

175 

150 

—  H. 

Aug. 

18 

17 

10  14 

192  56 

89  41 

0-8834 

176 

(»05) 

—  Hi. 

Sept. 

t6 

6 

157  14 

334  27 

13  21 

03448 

177 

151 

—  iv. 

Dec. 

10 

16 

318  46 

215  43 

33  32 

1-2408 

178 

(90 

1826  i. 

March 

18 

9 

109  45 

251  28 

13  33 

09025 

179 

15a 

•  • 

—  11. 

April 

21 

23 

116  54 

197  38 

40  2 

2'OIII 

180 

1^3 

•  •• 

—  111. 

April 

29 

0 

35  48 

40  29 

5  17 

01881 

181 

154 

—  iv. 

Oct. 

8 

22 

57  48 

44  6 

25  57 

08528 

i8a 

155 

V. 

Nov. 

18 

9 

315  31 

235  7 

89  22 

0*0268 

183 

156 

1827  i. 

Feb. 

4 

22 

33  30 

184  27 

77  35 

05065 

184 

157 

•  • 

—  11. 

June 

7 

20 

297  31 

318  10 

43  38 

0-8081 

163.  A  very  brilliant  comet,  with  a  tail  7°  lonij. 

164.  An  elliptic  orbit ;  period  assigned,  5*618  years.  Considered  by  Clausen  as  a 
return  of  the  comet  of  1 766  (ii). 

165.  Discovered  by  Pons,  Dec.  4.  An  elliptic  orbit ;  period  assigned,  4*810  years. 
Clausen  thought  this  comet  might  be  identical  with  that  of  1 743  (i). 

166.  Discovered  by  Nicollet  on  the  same  day,  and  by  Blainpain,  Jan.  25.  Visible 
to  the  naked  eye,  with  a  tail  2}°  long. 

167.  Discovered  by  Pons,  May  14,  and  by  Biela,  May  17. 

168.  The  first  predicted  apparition  of  Encke's  comet.  Seen  only  in  New  South 
Wales. 

169.  Its  apparent  motion  was  very  rapid. 

170.  Discovered  by  Gambart,  July  16.  An  elliptic  orbit;,  period  assigned,  5444 
years.     Visible  to  the  naked  eye,  with  a  tail  l^^  long. 

171.  Discovered  by  Pons,  Dec.  29;  by  Kohler,  Dec  30 ;  and  by  Santiniy  Jan.  3. 
This  comet  had,  in  addition  to  the  usual  tail  turned  from  the  Sun,  another  timed 
towards  it. 
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f 

M 

Oalculator. 

Date  of 
BiscoTcry. 

Discoverer. 

Duration 
of  Visibility. 

i-o 

+ 

Bouyard 

1 819,  July    I 

Tralles 

16  weeks. 

0-75519 

+ 

Encke 

—     June  1 2 

Pons 

5  weeks. 

068674 

+ 

Encke 

—     Nov.  1% 

Blainpain 

8  weeks. 

I'O 

Rosenberger 

1811,  Jan.  11 

Pons 

15  weeks. 

10 

— 

NiooUet 

1821.  May  12 

Gambart 

7  weeks. 

0-84446 

+ 

Encke 

—     June    2 

Riimker 

3  weeks. 

i*o 

— 

Hind 

—     May  31 

Pons 

2  weeks. 

099630 

— 

Encke 

—     July  13 

Pons 

17  weeks. 

i*o 

_ 

Encke 

1823,  Dec.    I 

In  Switzerland 

13  weeks. 

I'O 

— 

RUmker 

1824,  July  15 

RUmker 

4  weeks. 

1  00173 

+ 

Encke 

—     July  23 

Scheithauer 

22  weeks. 

I'O 

— 

Claiuen 

1825,  May  19 

Gambart 

8  weeks.     " 

I-o 

+ 

Clausen 

—     Aug.  9 

Pons 

3  weeks. 

0-84488 

+ 

Encke 

—     July  13 

Val« 

8  weeks. 

099536 

Hansen 

—     July  15 

Pons 

12  months. 

0-74657 

+ 

Santini 

1826,  Feb.  27 

Biela 

8  weeks. 

I-o 

+ 

Clausen 

i-ijS,  Nov.    6 

Pons 

22  weeks. 

I'O 

"^ 

ClUver 

i8i6,  Mar.  29 

Flaugergucs 

9  days. 

I-o 

+ 

Argelander 

—     Aug.   7 

Pons 

15  weeks. 

10 

— 

Cliiver 

—     Oct.  22 

Pons 

II  weeks. 

10 

— 

Heiligenstein 

—     Dec.  26 

Pons 

5  weeks. 

10 

— 

Heiligenstein 

1827,  June  20 

Pons 

4  weeks. 

172.  iSven  only  in  the  southern  heniiriphere. 

173.  Di«covun><l  by  Pons.  July  24,  .ind  aflerwanls  by  Gambart  and  Harding. 

174.  It  had  a  tail  I  J**  long.     Elements  renemble  thoMe  of  1 790  (iii). 

175.  Di.«<covcre<l  by  Harding,  Aug.  23.      Orbit  remarkable  for  its  great  inclina- 
tion. 

176.  An  apparition  of  Encht^s  comet.     Discovered  by  Phuia,  Aug.  lo,  and  bj  Pons, 
Aug.  14. 

177.  DiHcnyered  by  Biela,  July  19.     Very  conspicuous  early  in  October,  with  a 
bifiil  tail  i,V'  long.     An  elliptic  orbit;  period  a^Miigned,  4386  yean. 

1 78.  An  ap|tarition  of  Bielaa  coniii^  whoso  periodicity  was  now  discovered.    Found 
by  Gambart,  March  9. 

I  So.  Klcmcnts  uncertain. 

181.  The  path  of  this  comet  crosses  the  ecliptic  near  the  Earth's  orbit. 
i8i.  Discovered  by  Clausen,  Oct.  26.  and  by  Gambart,  Oct.  28.     Visible  to  the 
nake<l  eye.  with  a  tail  1*^  long. 

1*^4.  Discovered  also  by  Gambart    Elements  resemble  those  of  the  oomet  of  1500. 
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Na 

Na 

Tear, 

PP. 

V 

3 

1 

? 

d. 

h. 

0   / 

0  / 

•   # 

185 

158 

1827  iii. 

Sept. 

II 

6 

250  57 

149  39 

54  4 

01378 

186 

(105) 

i8a9 

Jan. 

9 

17 

157  17 

334  29 

13  20 

o'3455 

187 

»59 

1830  1. 

April 

9 

7 

212  II 

236  31 

21  16 

0*9314 

188 

160 

—  ii. 

Dec. 

27 

15 

310  59 

337  53 

44  45 

0-1258 

189 

(105) 

1833  i. 

May 

3 

23 

'57  21 

334  32 

13  33 

03434 

190 

161 

—  11. 

Sept. 

35 

13 

227  55 

73  27 

43  18 

11839 

191 

(90 

•  •• 

—  111. 

Nov. 

36 

2 

110  0 

248  15 

13  13 

0-8790 

19a 

163 

1833 

Sept. 

10 

4 

322  51 

323  0 

7  21 

04584 

193 

163 

1834 

April 

3 

15 

276  33 

226  48 

5  56 

0-5150 

194 

164 

1835  i. 

March 

27 

13 

207  42 

58  19 

9  7 

«04i3 

J95 

(105) 

•  • 

—  u. 

Aug. 

26 

8 

157  23 

334  34 

13  31 

0-3444 

196 

(4) 

•  •• 

—  111. 

Nov. 

»5 

23 

304  31 

55  9 

17  45 

0-5865 

197 

(105) 

1838 

Dec. 

»9 

0 

157  27 

334  3<5 

13  31 

03440 

198 

165 

1840  i. 

Jan. 

4 

10 

192  II 

"9  57 

53  5 

0-6184 

199 

166 

•  • 

—  11. 

March 

I.? 

3 

80  12 

336  50 

59  " 

1-3204 

aoo 

(16) 

•  •• 

—  in. 

April 

2 

13 

324  20 

186  4 

79  51 

0-7430 

201 

167 

—  iv. 

Nov. 

^^ 

15 

33  31 

348  56 

57  57 

1-4808 

303 

(105) 

1843  L 

April 

13 

0 

157  29 

334  39 

13  20 

03450 

ao3 

168 

•  • 

—  11. 

Dec. 

15 

22 

327  17 

307  49 

73  34 

0-5044 

304 

169 

1843  i. 

Feb. 

27 

9 

278  39 

I  12 

35  41 

00055 

«05 

170 

•• 

—  11. 

May 

6 

I 

281  29 

157  14 

52  44 

1-6163 

906 

171 

•  •• 

—  m. 

Oct. 

17 

3 

49  34 

309  39 

II  23 

x-6925 

185.  At  one  time  suppoeed  to  be  a  return  of  the  comet  of  1780  (i).    An  elliptic 
orbit ;  period  assigned,  261 1  years. 

186.  An  apparition  of  ^ncl-e'^  comely  afterwards  visible  to  the  naked  eye. 

187.  Discovered  in  the  southern  hemisphere.     Visible  to  the  naked  eye,  wiih  a  tail 
8**  long. 

188.  Visible  to  the  naked  eye,  with  a  tail  2^  long. 

189.  An  apparition  of  Endce*B  comet.     Discovert  by  Henderson,  June  3.    Only 
one  observation  was  made  in  Europe. 

190.  Discovered  by  Harding,  July  29. 

191.  The  first  predicted  afiparition  of  BielcCi  comet, 
193.  Discovered  by  Duulop,  March  16. 

195.  An  apparition  of  Encke*i  comet.     Discovered  by  Boguslawski.  July  30. 

1 96.  The  second  predicted  return  oiHaUeyt  comet.    It  was  visible  to  the  naked 
eye  during  the  whole  of  October,  with  a  tail  from  20°  to  30°  long. 

107.  An  apparition  of  Encke'a  comet.     Discovered  by  Galle,  Sept.  16.     Perceptible 
to  tne  naked  eye,  Nov.  7. 

203.  An  apparition  of  Enche's  comet. 
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f 

M 

Oalculator. 

Date  of 
Discovery. 

DisooTerer. 

Duration 
9f  Visibility. 

0-999^7 

Clttver 

1827,  Aug.      2 

Pons 

10  weeks. 

0*84463 

+ 

Encke 

1828,  Oct.     13 

Stmve 

15  weeks. 

0-99938 

+ 

Hadenkanip 
And  Mayer 

1830,  March  16 

D*Abbadie 

32  weeks. 

i-o 

— 

Wolfers 

1831,  Jan.       7 

Herapath 

9  weeks. 

0-84541 

+ 

Encke 

1831,  June      I 

Mossotti 

t 

I-o 

— 

C.  A.  Peters 

—     July    19 

Gambart 

4  weeks. 

075146 

+ 

Santini 

—     Aug.    25 

Dumouchel 

iS  weeks. 

I-o 

+ 

C.  A.  Peters 

1833,  Oct       I 

Dunlop 

a  weeks. 

i-o 

+ 

Petersen 

1834,  March  8 

Gambart 

6  weeks. 

I-o 

— 

W.Bessel 

1835,  April  20 

Boguslawski 

5  weeks. 

0-84503 

+ 

Encke 

—     July    22 

Kreil 

9  weeks. 

096739 

Westphalen 

—     Aug.     6 

Dumouchel 

41  weeks. 

0-84517 

+ 

Encke 

1838,  Aug.    14 

Boguslawskl 

x6  weeks. 

1-00020 

+ 

Peters,  Stnive 

1839,  Dec.      3 

Galle 

xo  weeks. 

0-993^3 

— 

Loomis 

1840,  Jan.     25 

GaUe 

9  weeks. 

I-o 

+ 

Petersen 

—     March  6 

Galle 

3  weeks. 

0-96985 

+ 

Gotze 

—     Oct     27 

Bremiker 

16  weeks. 

0-84479 

+ 

Encke 

1842,  Feb.      8 

GaUe 

15  weeks. 

I-o 

— 

Petersen 

—     Oct     28 

Laugier 

4  weeks. 

0-99989 

— 

Hubbard 

1843,  Feb.    38 

Many  observers. 

7  weeks. 

I-000I7 

+ 

Gotze 

—     May      2 

Mauvaii 

31  weeks. 

0*5559^ 

+ 

Le  Verrier 

—     Nov.    32 

Faye 

ao  weeks. 

198.  Perceptible  to  the  naked  eye,  Jnn.  8. 

199.  An  elliptic  orbit;  period  assigned,  2423  years.  Plantamour,  however,  makes 
it  131864  years. 

200.  Probably  a  return  of  the  comet  of  1097.     It  had  a  tail  5^  long. 

201.  An  elliptic  orbit  ;  periofi  assigned,  344  years,  subject  to  an  unoertaioty  of 
about  8  years.     Possibly  a  return  of  the  comet  of  1490. 

203.  An  apparition  of  Enckti  oomel, 

203.  Small  and  faint. 

204.  One  of  the  finest  comets  of  the  present  century.  It  had  a  tail  60*  long. 
The  orbit  is  remarkable  for  its  8m.*ill  perihelion  distance.  The  {teriod  assigned  is 
376  years.  This  mny  be  a  return  of  the  comet  of  1668,  but  ntany  others  have 
also  been  suppodcd  to  be  identical  with  it      (See  Cooper's  Cometic  OrbiU,  pp. 

l62-<)) 

206.  Usually  known  as  Faytt  comet.  It  had  a  very  small  taiL  Period,  7*44 
years. 
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Ka 

Na 

• 

T«v. 

PP. 

» 

8 

ft 

« 

d.  h. 

0  » 

0  » 

0  # 

ao7 

(530 

1«44  i. 

Sept. 

a  II 

34>  30 

63  49 

«  54 

X-1864 

K>8 

17a 

•  • 

Oct. 

17  8 

180  34 

31  39 

4836 

o-«553 

909 

«73 

•  •• 

Deo. 

13  16 

396  0 

118  33 

45  36 

0-2512 

9 10 

*74 

1845  i. 

Jan. 

8  3 

91  19 

33644 

46  50 

0-9051 

an 

>75 

April 

ai  0 

19a  33 

347  6 

56  33 

»«546 

2ta 

(44) 

•  •• 

—  m. 

June 

5  16 

36a  3 

337  48 

4841 

0*4016 

ai3 

(105) 

—  It. 

Aug. 

9  »5 

'57  44 

334  19 

'3  7 

0-3381 

«'4 

176 

1846  i. 

Jan. 

aa  a 

89  6 

III  8 

47  26 

1-4807 

ai5 

(9») 

—  ii. 

Feb. 

10  a3 

109  3 

245  54 

"  34 

0-8564 

9l6 

177 

•  •• 

—   Ul. 

Feb. 

as  7 

116  38 

103  37 

30  57 

0-6500 

ai7 

178 

—  It. 

March 

5  " 

90  37 

77  $i 

85  6 

06637 

ai8 

«79 

—   T. 

May 

37  31 

83  33 

161  18 

57  35 

X-376J 

ai9 

180 

—  vi. 

June 

I  5 

340  7 

360  38 

30  34 

I'5a87 

930 

181 

•  • 

—  vu. 

June 

5  " 

163  0 

361  51 

39  18 

0-6334 

aai 

i8a 

•  •• 

—  vin. 

Oct. 

39  17 

98  35 

4  41 

49  41 

0*8306 

112 

»83 

1847  i- 

March 

30  6 

376  3 

31  43 

4839 

0*0435 

a«3 

184 

•  • 

—  u. 

June 

418 

141  34 

173  56 

79  34 

2-1161 

324 

«8S 

•  •• 

—  m. 

Aug. 

9  8 

31  17 

76  43 

32  38 

1*4847 

a«5 

186 

—  iv. 

Aug. 

9  10 

346  41 

338  17 

83  37 

1-7671 

aa6 

187 

—  ▼. 

Sept. 

9  13 

79  " 

309  48 

19  8 

0*4879 

aay 

188 

—  vi. 

Nov. 

14  9 

274  14 

190  50 

7»  53 

0-3391 

ai8 

189 

1848  i. 

Sept. 

8  I 

310  34 

311  33 

84  24 

0*3199 

399 

(105) 

•• 

—  u. 

Nov. 

a6  a 

157  47 

334  23 

13  8 

0-3370 

207.  Visible  to  the  naked  eye.    An  elliptic  orbit ;  period  assigned,  5*469  years. 
It  has  not  been  observed  since.    Possibly  identical  with  the  oomet  of  1678. 

308.  Discovered  by  D*Arrest,  July  9.    Visible  to  the  naked  eye,  Nov.  10.    Period, 
103,050  years,  subject  to  an  uncertainty  of  3090  years. 

309.  First  seen  in  the  southern  hemisphere.    It  had  a  tail  lo**  long. 
311.  Discovered  by  Fa^e,  March  6. 

313.  Discovered  by  Richter,  June  6.    A  fine  comet.    Visible  to  the  naked  eye, 
with  a  tail  3}°  long.    A  return  of  the  comet  of  1596.    Period,  350  years. 

213.  An  apparition  of  Encke^g  oomtt.    Discovered  by  Di  Vico,  July  9,  and  by 
Coffin,  July  to. 

314.  An  elliptic  orbit;  period  assigned,  373 r  years. 

315.  An  apparition  of  Biela't  comei.    Discovered  by  Qalle,  Nov.  38.    It  was  at 
this  return  that  the  comet  separated  into  3  parts. 

3 1 6.  An  elliptic  orbit;  period  assigned,  5*58  years. 
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1 

ff 

+ 

Calculator. 

Date  of 
Discoyery. 

Discoverer. 

Duration 
of  Visibility. 

0-61765 

Brttnnow 

1844.  Aug.  a  3 

Di  Vico 

19  weeks. 

0*99960 

— 

Pliintamour 

—     July    7 

Mauvais 

35  weeks. 

i-o 

+ 

Hind 

—     Dec.  19 

Wilmot 

13  weeks. 

ro 

+ 

Gotza 

—     Dec.  28 

D^Arrest 

13  weeks. 

10 

+ 

Faye 

1845,  Feb.  35 

DiVico 

9  weeks. 

098987 

— 

D'Arrest 

—     June  a 

CoUa 

4  weeks. 

0-84743 

+ 

Encke 

—     July    4 

Walker 

10  days. 

0-99340 

+ 

Jelinek 

1846,  Jan.  34 

Walker 

14  weeks. 

075700 

+ 

Plantamour 

1845,  Nov.  36 

Walker 

21  weeks. 

079446 

+ 

Hind 

1846,  Feb.  26 

Brorsen 

8  weeks. 

0*96324 

+ 

Peirce 

—     Feb.  20 

DiVico 

10  weeks. 

i*o 

— 

Argelander 

—     July  29 

DiVico 

II  weeks. 

07"33 

— 

C.  H.  Peters 

—     June  26 

C.  H.  Peters 

4  weeks. 

0*98836 

— 

Wichmann 

—     April  30 

Brorsen 

6  weeks. 

i*o 

+ 

Hind 

—     Sept.  33 

DiVico 

3  weeks. 

0.99991 

+ 

HomBtein 

1847,  Feb.    6 

Hind 

11  weeks. 

1*0 

— 

Von  Li  tiro  w 

—     May    7 

GoUa 

30  weeks. 

1*0 

^^ 

Schweizer 

—     Aug.  31 

Scbweixer 

13  weeks. 

1*0 

— 

Yon  Littrow 

—     July    4 

3iauvais 

41  weeks. 

0*97256 

+ 

D' Arrest 

—     July  20 

Brorsen 

8  weeks. 

I'O 

— 

D'Arrest 

—     Oct.     I 

Miss  Mitcbell 

13  weeks. 

i-o 

— 

Sonntag  and 
Quirling 

1848,  Aug.   7 

Petersen 

3  weeks. 

0-84782 

+ 

Encke 

—     Aug.  37 

G.  P.  Bond 

13  weeks. 

317.  DiMOvered  by  G.  P.  Bond,  Feb.  26. 

3 1 8.  Discovered  by  Hind,  2  bours  later. 

319.  Discovered  by  Di  Vico,  July  3.  An  elliptic  orbit ;  period  anignad,  I3*8  years. 
subject  to  an  uncertainty  of  i  year. 

330.  Discovered  by  Wichmann,  May  i.  Yirible  to  the  naked  eye.  May  14.  An 
elliptic  orbit ;  period  assigned,  400  years. 

333.  Visible  in  the  daytime.  It  had  a  tail  i}^  long.  The  true  elements  are 
probably  elliptical.    Hornstein  has  throughly  discussed  the  orbit  of  this  comet. 

335.  A  parabolic  orbit  best  satisfies  the  observations. 

336.  Period  assigned,  75  years. 

237.  Discovered  by  Di  Vico,  Oct.  3  ;  by  Dawes,  Oct.  7  ;  and  by  Madame  Riimker, 
Oct.  II. 

229.  An  apparition  of  Encke* i  eomtU  .  Discovered  by  Hind,  Sept.  13.  Peroeptibls 
to  the  naked  eye,  Oct.  6.    On  Nov.  3  it  had  a  tail  more  than  i^  long. 
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No. 

Na 

Tear. 

PP. 

V 

3 

1 

« 

d.  h. 

.   / 

0   / 

e    f 

330 

190 

1849  i. 

Jao. 

19  8 

63  11 

215  10 

85  4 

0*9599 

331 

191 

•  • 

May 

26  II 

235  43 

202  33 

67  9 

11593 

232 

192 

•  •  • 

—  111. 

June 

8  4 

267  3 

30  31 

66  59 

0*8946 

nz 

*93 

1850  i. 

July 

23  12 

273  24 

92  53 

68  12 

10815 

«34 

19+ 

•  • 

—  11. 

Oct. 

19  8 

89  20 

206  0 

40  6 

05^47 

23s 

(171) 

1851  i. 

April 

3  " 

49  42 

209  30 

II  21 

16999 

336 

»95 

•  • 

July 

9  0 

324  10 

149  19 

14  14 

11847 

m 

196 

•  •• 

—  III. 

Aug. 

26  5 

310  58 

223  40 

38  9 

0-9843 

238 

197 

—  iv. 

Sept. 

30  19 

338  45 

44  28 

74  0 

0*1410 

239 

(105) 

1852  i. 

March 

14  18 

157  51 

334  23 

13  7 

03374 

240 

198 

•  • 

—  u. 

April 

19  13 

280  0 

317  8 

48  52 

0*9050 

241 

(92) 

•  •• 

—  m. 

Sept. 

23  I 

109  8 

245  52 

12  33 

0*8606 

242 

199 

—  iv. 

Oct. 

12  15 

43  12 

346  13 

40  58 

I'25IO 

243 

200 

1853  J. 

Feb. 

24  6 

153  21 

69  49 

20  19 

1*0938 

244 

201 

—  ii. 

May 

9  16 

201  53 

40  57 

57  44 

0*9044 

245 

202 

•  •  • 

—  m. 

Sept. 

I  17 

310  56 

140  31 

61  31 

0*3068 

246 

203 

—  iv. 

Oct. 

16  14 

302  7 

220  4 

61  I 

01725 

247 

204 

1854  i. 

Jan. 

4  6 

55  57 

227  3 

66  7 

i'20oa 

948 

205 

•  • 

—  u. 

March 

24  0 

213  47 

315  26 

82  22 

02770 

249 

(13) 

—  iv. 

June 

22  2 

272  58 

347  48 

71  8 

0-6475 

250 

206 

—   V. 

Oct. 

27  9 

94  20 

324  34 

40  59 

0*8001 

230.  A  parabolic  orbit  satisfies  the  observation,  but  a  period  of  382,801  years  has 
been  assigned  !  1 ! 

231.  It  had  a  small  tail. 

232.  Discovered  a  few  hours  later  by  Bond,  and  by  Graham  April  14.     Period, 
8375  years. 

233.  Visible  to  the  naked  eye,  with  a  tail.     Carrington  has  assigned  a  period  of 
about  29,000  years. 

234.  Discovered  by  Brorsen,  Sept.  5  ;  by  Mauvais  and  Robertson,  Sept.  9  ;  and  by 
Clausen,  Sept.  14. 

235.  The  first  predicted  apparition  of  Fay €*$  comet. 

236.  Period,  6*441  years. 

237.  Discovered  by  Schweizer,   Aug.  21.    Period  assigned,  5544  years. 

238.  It  had  a  tail  more  than  1°  long,  and  also  a  shorter  one  turned  towards  the  Sun. 

239.  An  apparition  of  Encke's  comet. 

240.  Discovered  by  Petersen,  May  17,  and  by  6.  P.  Bond,  May  19.    It  was  very 
small  and  faint. 

241.  An  apparition  of  ^if/a*«  comef.     Theoretical  elements. 
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f 

+ 

Calculator. 

Date  of 
Discovery. 

DiscoTcrer. 

Duration 
oTYisibUity. 

i-o 

Pogson 

1848,  Oct.     26 

Petersen 

20  weeks. 

I'O 

+ 

Groujon 

1849,  -ALpril  15 

Goujon 

24  weeks. 

099783 

+ 

D'Arrest 

—     April  II 

Schweizer 

20  weeks. 

i-o 

+ 

Villarceau 

1850,  May      I 

Petersen 

17  weeks. 

I'O 

+ 

Reslhuber 

—     Aug.    29 

6.  P.  Bond 

9  weeks. 

0-55501 

+ 

Le  Verrier 

—    Nov.    28 

Challis 

14  weeks. 

070001 

+ 

D'Anest 

185 1,  June    27 

D'Arrest 

17  weeks. 

0-99685 

+ 

Brorsen 

—     Aug.      I 

Brorsen 

8  weeks. 

I'O 

+ 

J.  Breen 

—    Oct.     22 

Brorsen 

4  weeks. 

084767 

+ 

Encke 

1852,  Jan.      9 

Hind 

8  weeks. 

1-0 

— 

Sonntag 

—     May    15 

Chacomac 

3  weeks. 

o75<5a5 

+ 

Santini 

—     Aug.   25 

Secchi 

5  weeks. 

0-9M75 

+ 

Marth 

—    June    27 

Westphal 

24  weeks. 

I-o 

— 

D'Arreat 

1853,  March  6 

Secchi 

3  weeks. 

10 

— 

Bruhns 

—     April    4 

Schweizer 

10  weeks. 

100026 

+ 

Krahl 

—     June    10 

Klinkerfues 

7  months. 

I-o 

^ 

Bruhns 

—     Sept.    1 1 

Bruhns 

XI  weeks. 

I-o 

— 

Marth 

—     Nov.    25 

Van  Arsdale 

12  weeks. 

I'O 

— 

HornBtein 

1 854,  March  23 

Many  observers 

6  weeks. 

I'O 

— 

Bruhna 

—    June     4 

Klinkerfues 

10  weeks. 

10 

+ 

Bruhns 

—     Sept.    II 

Klinkerfnat 

11  weeks. 

242.  Discovered  also  by  C.  H.  Peters.    Visible  to  the  naked  eye  early  in  October. 
Period,  70  years.    "" 

243.  Discovered  by  Schweitzer  and  C.  W.  Tuttle,  March  8,  and  bj  Hartwig, 
March  10.    Elements  resemble  those  of  the  comet  of  1664. 

244.  Visible  to  the  naked  eye  in  the  beginning  of  May,  with  a  tail  3*  long. 

245.  Visible  in  the  daytime,  Aug.  31  to  Sept.  4.     In  the  south  of  Europe,  a  tail 
1 5**  lung  wns  seen. 

246.  Perceptible  to  the  naked  eye  about  the  middle  of  the  month.    Elements 
resemble  those  of  the  comet  of  1582. 

247.  Discovered  by  Klinkerfues,  Deo.  2. 

248.  First  seen  in  the  south  of  France,  when  veiy  oonspicuoui,  with  a  tail  4^  long. 
Elements  resemble  those  of  the  comet  of  1799  (ii). 

249.  Discovered  also  by  Van  Arsdale.    At  the  time  of  the  PP  it  was  vinble  to 
the  naked  eye.    The  elements  strongly  resemble  those  of  the  comets  of  961  and 

1558. 

250.  Discovered  also  by  several  other  ohterven.    ProbdUy  a  return  of  the  oomet 
of  1845  (i). 
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Na 

No. 

Year. 

PP. 

- 

Q 

< 

9 

d. 

h. 

e    f 

0      / 

0  ' 

as  I 

207 

1854  vi. 

Dec. 

'5 

17 

165   9 

238  7 

14  9 

1-3575 

n^ 

208 

1855  i. 

Feb. 

5 

17 

326  33 

189  40 

51  12 

I -2 195 

353 

(") 

•  •• 

—  Ul. 

May 

30 

5 

237  36 

260  15 

23  7 

0-5678 

254 

(105) 

—  iv. 

July 

I 

5 

157  53 

334  a6 

13  8 

0-3371 

355 

209 

—   T. 

Nov. 

25 

15 

85  21 

52  3 

10  16 

1-2248 

356 

aio 

1857  i. 

March 

31 

8 

74  49 

313  12 

87  57 

0-7721 

257 

(177) 

—  ii. 

March 

39 

5 

115  48 

loi  53 

29  45 

0*6203 

258 

211 

•  •• 

—  111. 

July 

17 

23 

249  37 

23  40 

58  59 

03675 

259 

313 

—  iv. 

Aug. 

24 

0 

21  46 

200  49 

32  46 

07427 

360 

«I3 

V. 

Sept. 

30  19 

250  21 

14  46 

56  18 

0-5651 

361 

314 

—  vi. 

Nov. 

19 

I 

44  15 

139  18 

37  50 

1-1009 

262 

(195) 

•  • 

Vll. 

Dec. 

33 

0 

323  3 

148  27 

13  56 

1*1696 

263 

(III) 

1858  i. 

Feb. 

as 

8 

115  29 

268  54 

54  32 

10374 

264 

(141) 

•  • 

—  11. 

May 

2 

I 

275  38 

"3  32 

10  48 

0*7689 

265 

"S 

•  •• 

—  m. 

May 

2 

23 

300  46 

175  4 

19  30 

I-I493 

a66 

3l6 

—  iv. 

June 

5 

4 

336  6 

334  21 

80  28 

0-5463 

167 

(171) 

V. 

Sept. 

12 

14 

49  49 

209  45 

II  31 

16999 

a68 

317 

—  vi. 

Sept. 

29 

23 

36  13 

165  19 

63   I 

05784 

269 

218 

•  • 

Vll. 

Oct. 

13 

19 

4  13 

159  45 

31  16 

1-4370 

370 

(105) 

•  •• 

Vlll. 

Oct. 

18 

8 

157  57 

334  28 

13  4 

03407 

171 

319 

1859  iL 

May 

29 

5 

75  9 

357  7 

84  9 

0-3030 

27a 

3  30 

i860  i. 

Feb. 

16 

17 

173  45 

324  3 

79  35 

I  1973 

351.  Discovered  by  Winnecke  and  Dten,  Jan.  15,  1855. 

353.  Discovered  sJso  by  Dieu  and  Klinkerfues.  Probably  a  return  of  the  comet 
of  1362  (i).    Period  assigned,  493  years. 

354.  An  apparition  of  Encke*a  comet. 

355.  Discovered  also  by  Van  Arsdale. 

356.  Discovered  also  by  Van  Arsdale.     Orbit  decidedly  parabolic. 

357.  An  apparition  of  Brorsm^t  comet ^  1846  (iii). 

359.  Discovered  by  Dien,  July  38,  and  by  Habicht,  July  30.  An  elliptic  orbit ; 
period  assigned,  334  years. 

360.  Faintly  perceptible  to  the  naked  eye,  Sept.  3o.  It  had  a  short  taiL  Elements 
resemble  those  of  the  comets  of  1790  (iii)  and  1835  (i).  A  period  of  1618  years  has 
been  assigned  by  Villarceau. 

261.  Discovered  a  few  hours  later  by  Van  Arsdale. 

262.  An  apparition  of  I/ArreaVt  comet.  Period,  3366  days.  Lind  and  Villarceau 
crjncur  in  dating  the  PP  for  Nov.  38. 
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f 

+ 

CUoulfttor. 

Dftteof 
Discovery. 

DieooverBor. 

Duration 
oTTitibiUty. 

0^637 

EUdn 

1854,  Deo.  24 

Coll* 

16  weekfl. 

I'O 

— 

Winnecke 

1855,  April  II 

Sohweicer 

5  weeks. 

0*99090 

— 

Bonati 

—     June  3 

Donati 

3  weeks. 

084778 

+ 

Encke 

—     July  13 

Maclear 

5  weeks. 

1*0 

— 

6.  Bttmker 

—     Nov.  n 

Bmbns 

7  weeks. 

I.O 

+ 

Pape 

1857,  Feb.  33 

D'Arrest 

9  weeks. 

0*80160 

+ 

BnihiiB 

—     Mar.  18 

BrubnB 

II  weeks. 

1*0 

— 

Pape 

—     June  33 

Klinkerfues 

3  weeks. 

098037 

+ 

MoUer 

—     July  35 

C.  H.  Peters 

5  weeks. 

1*0 

— 

Bmliiui 

—     Aug.  30 

KlinkerftieB 

7  weeks. 

10 

_ 

Pape 

—     Nov.  10 

Donati 

5  weeks. 

065985 

+ 

Soholce 

—     Deo.    5 

Maolear 

6  weeks. 

0-83961 

+ 

Bmlma 

1858,  Jan.    4 

H.  P.  Tuttie 

9  weeks. 

075467 

+ 

Winnecke 

—     Mar.   8 

Winnecke 

13  weeks. 

0^7368 

+ 

Sohnlbof 

—     May    3 

Tuttie 

4  weeks. 

i*o 

_ 

Bruhns 

—     May  31 

Brubns 

3  weeks. 

0-55501 

+ 

Bruhna 

—     Sept.  8 

Brubnii 

8  weeks. 

0*99630 

— 

Von  Asten 

—     June   3 

Donati 

7|  months. 

i*o 

— 

WeiM 

—     Sept   5 

H.  P.  Tuttie 

8  weeks. 

0-84639 

+ 

Powalky 

—     Aug.   7 

FSrrter 

10  weeks. 

I'O 

— 

HaU 

1859.  April  3 

Tempel 

I  a  weeks. 

i-o 

+ 

LiaU 

i860,  Feb.  36 

Liais 

3  weeks. 

363.  Discovered  by  Brubns,  Jan.  11.  Probably  a  return  of  tbe  oomet  of  1790  ^. 
Period  assigned,  13*6  years. 

264.  An  i4>parition  of  tbe  comet  of  18 19  (ill),  now  called  Wmnedtii  Camei. 

366.  Elements  resemble  tbose  of  tbe  oomet  of  1799  (^^)* 

367.  An  apparition  of  Pay^$  wmeL 

368.  One  of  tbe  finest  comets  of  tbe  present  century.  It  became  visible  to  tbe 
naked  eye  early  in  September,  and  was  veiy  conspicuously  seen  in  Europe  for  about 
6  weeks,  wben,  owing  to  its  rapid  passage  to  tbe  soutbcirn  bemisphere,  it  became 
lost  to  view.  It  WHS  seen  at  tne  Cape  of  Good  Hope  till  BCaroh  4, 1850.  During 
the  first  week  in  October  it  bad  a  USl  neariy  40*  long.  An  elliptio  ormt ;  period 
assigned,  1879  years. 

370.  An  apparition  of  Encki^t  eonui.    It  was  very  fidnt. 

373.  It  does  not  appear  that  this  comet  was  seen  in  Europe.  Liais,  who  observed 
it  in  Brasi],  states  that  it  had  a  douUe  nebulosity,  and  conjectures  it  to  be  identical 
with  1845  (ii),  1785  (i),  and  1351. 
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5a 

I 

Xa 

t 

Tear. 

PP 

r 

i 
8 

<• 

i 

f 

«;3 

\      331 

l%6o  xL 

3£ard> 

5 

17 

50  16 

8  56 

e   r 
4S  13 

1-3083  1 

»74 

:  333 

—  ^ 

Jane 

16 

3 

161  32 

8440 

79  18 

0-3939 

^75 

«ai 

IT. 

SepL 

S3 

7 

35648 

44  5« 

33  13 

0^27 

2;6 

«4 

i«!6i  L 

June 

3 

8 

243  22 

39  55 

.  79  45 

0-9307 

«77 

^n 

—  n. 

Jane 

II 

12 

»49  4 

278  58 

85  26 

0-8333 

278 

216 

—  in. 

Dec. 

7 

3 

173  30 

145  6 

41  57 

0-8391 

»79 

(105) 

1863  L 

Feb. 

6 

4 

158  0 

334  30 

13  5 

0-3399 

380 

"7 

—  u. 

Jane 

22 

I 

299  10 

326  32 

7  54 

0-9813 

381 

328 

•  •• 

—  ni. 

Aug. 

32 

22 

344  41 

137  a6 

66  25 

0-9636 

383 

329 

—  ir. 

Dec. 

28 

3 

125  9 

355  44 

42  22 

0-8035 

a83 

330 

1863  i. 

Feb. 

3 

12 

191  22 

"6  55 

85  33 

07947 

3^4 

231 

•  • 

—  11. 

April 

4 

32 

347  15 

251  16 

67  32 

1-0683 

385 

333 

•  •  • 

—  III. 

April 

30 

21 

305  47 

250  10 

85  29 

0-6388 

386 

^33 

—  iv. 

Not. 

9 

12 

94  43 

97  29 

78  5 

0*7066 

287 

(1*9) 

T. 

Dec. 

26 

14 

59  '3 

304  57 

63  35 

0-7661 

388 

«34 

• 

Tl. 

Dec. 

29 

4 

183  8 

IC5  1 

83  18 

1-3131 

389 

^35 

1864  i. 

July 

a; 

21 

190  10 

175  " 

44  56 

0*6140 

390 

336 

•  • 

—  11. 

Aug. 

15 

M 

304  13 

95  " 

1  52 

0*9092 

291 

237 

•  •• 

—  111. 

Oct. 

II 

8 

159  30 

31  43 

70  13 

09338 

291 

338 

—  iv. 

Dec. 

32 

II 

321  42 

203  13 

48  52 

07709 

393 

339 

—   V. 

Dec. 

37 

18 

162  23 

340  53 

17  7 

11145 

294 

240 

1865  i. 

Jan. 

M 

7 

141  15 

253  3 

87  32 

.  0*0260 

274.  Suddenly  became  yidible  towards  the  end  of  June.  On  the  22nd  it  bad  a 
tail  15**  long.     Liain  has  assigned  a  period  of  1089  years. 

375.  Very  faint,  and  only  4  observations  obtained.  Elements  therefore  very 
uncertain. 

276.  Visible  to  the  naked  eye ;  it  had  a  faint  difi'used  tail  3**  long :  an  elliptic 
orbit ;  period  as'iigned  415*4  years. 

377.  One  of  tlie  most  magnificent  comets  on  record :  on  July  2  its  tail  was  more 
than  100"  lotii;.    An  elliptic  orbit ;  period  assigned,  419  years. 

379.  An  up|>arition  o{  Enckea  comet. 

too.  Discovered  by  Schmidt  and  Tempel  on  July  2  ;  on  July  4  it  had  a  tail  ^^ 
long,  and  was  then  visible  to  the  naked  eye :  between  July  3rd  and  4th  it  traversed 
34"^*  of  a  groat  circle. 

aSl.  Discovered  by  H.  P.  Tuttle  and  Simmons,  July  18 ;  by  Pacinotti,  July  as  ; 
and  by  Rosa,  July  25.     Conspicuously  visible  to  the  naked  eye  for  2  or  3  weeks  in 
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€ 

+ 

Calculator. 

Date  of 
Diacoveiy. 

Diaoorerer. 

Duration 
ofVisibiUty. 

i*o 

Seeling 

i860,  April  17 

C.  Rttmker 

7  weeks. 

I'O 

+ 

Moesta 

—     June  19 

Several  obeervers 

8  weeks. 

i-o 

+ 

Kowalczjk 

—     Oct.  as 

Tempel 

3  days. 

0-98345 

+ 

Oppolzer 

1861,  April  4 

Thatcher 

8  weeks. 

09853  a 

+ 

Seeling 

—     May  13 

Tebbutt 

12  montlis. 

I-o 

— 

Pape 

—     Dec.  a8 

H.  P.  TutUe 

8  weeks. 

0*84670 

+ 

Powalky 

—     Sept.  28 

Forster 

22  weeks. 

10 

— 

Seeling 

1862,  July     I 

Vak 

4  weeks. 

0*961^7 

«. 

Oppolzer 

—     July  15 

Swift 

13  weeks. 

1-0 

— 

Engelmann 

—     Nov.  30 

BruhnB 

3  weeks. 

10 

+ 

Engelmann 

—     Nov.  27 

Respighi 

15  weeks. 

1-0 

lUschkoff 

1863,  April  11 

Klinkerfues 

6  months. 

1*0 

+ 

Fritfchauf 

—    April  1 2 

Respighi 

5  weeks. 

10 

+ 

Oppolzer 

—     Nov.    4 

Tempel 

x6  weeks. 

0*94590 

+ 

Weiu 

—     Dec.  28 

Kespighi 

8  weeks. 

10 

+ 

Engelmiuin 

—     Oct.     9 

Backer 

7  months. 

10 

— 

Celoria 

1864,  S-pt.   9 

Donati 

4  weeks'. 

10 

— 

Kowalczyk 

—     July    4 

Tempel 

1 1  weeks. 

i  10 

1 

. 

Engelmann 

—     July  23 

Donati 

• 

6  months. 

1 
10 

+ 

Tietjen 

—     Dec.  15 

Backer 

7  weeks. 

10 

— 

Engelmann 

—     Dec.  30 

Brubni 

4  weeks. 

10 

"" 

Tebbutt 

1S65,  Jan.  18 

MoeaU 

10  weeks. 

August — September;  with  a  tail,  on  Aug.  27,  as  much  as  25^  long,  according  to 
Schmidt.    An  elliptic  orbit;  period  assign^i,  123  }enrs. 

283.  Discovered  by  Bruhns,  Nov.  30. 

284.  Visible  to  the  naked  eye  in  May:  it  had  a  &int  tail  3^  long. 

285.  Visible  to  the  naked  eye  as  a  5*^  mag.  star. 

286.  Discovered  independently  by  J.  F.  Schmidt,  Nov.  la.  Visible  to  the  naked  eye 
an  n  star  of  the  4^**  niag.,  with  a  tail  2^  or  more  long. 

287.  Discovered  alMO  by  Backer,  Jan.  I,  1864.  VisiUe  to  the  naked  eye,  with  a 
tail  j°  lonff,  at  the  end  of  Januanr.  Believed  to  be  a  return  of  the  oomet  of  x8io, 
and  |>o88ibTy  identical  with  that  of  1490. 

288.  Discovered  by  Tempel,  Oct.  14.    Two  computers  make  the  orbit  a  hyperbola. 
290.  The  same  computer  subsequently  obtainea  an  elliptio  orbit  with  a  p«riod  of 

4754  years. 

29^  Seen  only  in  the  southern  hemisphere.    On  Jan.  18  it  had  a  tail  25^  long. 
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No. 

Na 

Year. 

PP. 

r 

Q 

i 

9 

d.  h. 

0   / 

0  / 

0  / 

295 

(105) 

1865  u. 

May 

37  33 

158  4 

324  33 

13  4 

0.3410 

396 

341 

1866  i. 

Jan. 

II  3 

60  38 

331  36 

17  18 

o^T^S 

396a 

(171) 

—  ii. 

Feb, 

13  33 

49  56 

309  43 

11  22 

1*6833 

397 

343 

1867  i. 

Jan. 

19  30 

75  53 

78  35 

18  12 

i-57a5 

398 

H3 

•  • 

—  u. 

May 

33  33 

336  9 

loi  10 

624 

1-5635 

399 

344 

—  iii. 

Nov. 

6  33 

376  31 

6458 

83  26 

03304 

300 

(177) 

1868  L 

April 

30  33 

116   3 

loi  14 

29  22 

0.5968 

301 

345 

•  • 

—  11. 

June 

35  33 

387  7 

53  40 

48  11 

0-5823 

303 

(105) 

•*• 

—  lU. 

Sept. 

14  16 

158  10 

334  31 

13  6 

0-3339 

303 

(141) 

1869  i. 

June 

10  33 

275  55 

"3  33 

10  48 

0.7815 

304 

346 

•  • 

—  u. 

Oct. 

9  18 

123  34 

3"  29 

68  23 

1-2306 

305 

^47 

—  111. 

Nov. 

18  17 

42  53 

296  47 

5  23 

1.0630 

306 

348 

1870  i. 

July 

14  I 

303  33 

141  44 

58  12 

1.0087 

307 

349 

•  • 

—  u. 

Sept. 

3  13 

17  49 

13  56 

80  34 

1.8171 

308 

('95) 

—  iii. 

Sept. 

33  16 

318  41 

146  35 

15  39 

1.3803 

309 

250 

—  iv. 

Deo. 

19  31 

4  8 

94  44 

32  43 

0.3893 

310 

251 

1871  i. 

June 

10  14 

141  49 

279  18 

87  36 

0-6543 

311 

H^ 

—  ii. 

July 

37   0 

"5  43 

311  56 

78  0 

10835 

3" 

(III) 

—  iii. 

Nov. 

30  II 

116  5 

269  17 

54  17 

1. 0301 

313 

353 

—  iv. 

Dec. 

30  8 

364  30 

147   2 

81  36 

06944 

314 

(105) 

V. 

Dec. 

38  18 

158  12 

334  34 

13  8 

03329 

315 

(343) 

1873  i. 

May 

9  15 

237  58 

78  43 

9  46 

1.7720 

316 

354 

•  • 

—  u. 

June 

25  8 

306  4 

120  54 

12  44 

13436 

317 

(170 

•  •• 

—  111. 

Jnly 

18  II 

50  5 

209  41 

II  32 

1.6827 

295.  An  apparition  of  JEneke's  comet.    Perhaps  leen  as  early  as  Jan.  25  by 
D*Arre«t. 

296.  An  elliptic  orbit ;  period  aBsigned,  33  yean.    Probably  a  meteor  comet. 
296  a.  An  apparition  of  Faye^»  comet, 

297.  An  elliptic  orbit ;  period  assigned,  33.62  yean. 

298.  Usually  known  as  TempeVe  Ist  Periodical  comet, 

299.  Discovered  4  houn  later  by  Winnecke. 

300.  An  apparition  of  Broreen^s  comet.    Tempel  believes  he  sighted  the  comet  as 
early  as  Manui  22. 

302.  An  apparition  of  Eneke*B  comet, 

303.  An  apparition  of  Winnecke* $  comet,  (18 19,  in), 

305.  A  comet  now  known  as  TempeVs  Ilird  PerioiHcal  comet,  or  Sw\ft**  comet. 


Chap.  VII.] 


Catalogtie. — No.  I. 


539 


« 

+ 

Calculator. 

Date  of 
Diaoorary. 

DiBOorerer. 

Dniation 
of  Visibility. 

0*84630 

Von  Alien 

1865,  Feb.    13 

Bruhns 

5  months. 

0.90541 

— 

Oppolzer 

—    Dec   19 

Tempel 

7  weeki. 

0-55754 

+ 

MoUer 

—    Aug.  aa 

Thiele 

ao  weeks. 

0.84905 

+ 

Searle 

1867.  Jan.    a8 

Tempel 

10  weeks. 

0.50967 

+ 

Sandberg 

.  -    April   3 

Tempel 

19  weeks. 

I'O 

— 

Oppolzer 

—    Sept.  27 

dicker 

5  weeks. 

0.80809 

+ 

BruhiiB 

1868,  April  II 

Tempel 

9  weeks. 

I'O 

— 

W.E.  Plnmmer 

—    June  13 

Winnecke 

5  weeks. 

0-84916 

+ 

Von  Asten 

—    July  14 

Winnecke 

6  weeks. 

o-75»94 

+ 

Oppolzer 

1869,  April   9 

Winnecke 

6  months. 

1.0 

— 

Oppenheim 

—    Oct.    II 

Tempel 

4  weeks. 

0.65821 

+ 

Zelbr 

—    Nov.  27 

Tempel 

5  weeks. 

10 

— 

Dreyer 

1 870,  May   29 

Winnecke 

6  weeks. 

i.o 

— 

Hind 

—    Aug.  a8 

CoggU 

17  weeks. 

0-63490 

+ 

Leyeau 

—    Aug.  31 

Winnecke 

16  weeks. 

I'O 

— 

Schulhof 

—    Nov.  23 

Winnecke 

I  week. 

0-99781 

+ 

Holetflchek. 

1871,  April    7 

Winnecke 

6  weeks. 

1-0 

— 

Schnlhof 

—    June  14 

Tempel 

13  weeks. 

0.82105 

+ 

Tischler 

—    Oct.    12 

Borrelly 

15  weeks. 

I-O 

— 

Schulhof 

—    Nov.    3 

Tempel 

15  weeks. 

0.84936 

+ 

Glasenapp 

—    Sept  19 

Winnecke 

II  weeks. 

0.46308 

+ 

Gautier 

1873,  April   3 

Stephan 

16  weeks. 

0.54978 

+ 

Schnlhof 

—    July    3 

Tempel 

15  weeks. 

055738 

+ 

Moller 

—    Sept.    3 

Stephan 

16  weeks. 

306.  It  had  a  very  short  tail. 

308.  An  apparition  of  D*Arre*t*s  comet. 

310.  Discovered  by  Borrelly  on  Apr.  13,  and  L.  Swift  on  Apr.  15.    It  had  a  small 
tail.    An  elliptic  orbit;  period  assigned,  5188  years. 

311.  Thought  to  be  a  return  of  the  oomet  of  1 8a 7  (i). 

312.  An  apparition  of  Tuttle*8  comet,  (1858,  i). 

314.  An  apparition  of  Eneke'e  comet,    Guesied  at,  rather  than  oertainly  viewed  on 
Sept.  19.     First  fairly  leen  by  Dun^r  on  Oct.  4,  and  by  Hind  on  Oct.  8. 

315.  An  apparition  of  TempeVe  let  Periodical  comet, 

316   An  elliptic  orbit ;  period  assigned,  5*158  years.    Now  known  as  Tempd*e  II nd 
Pf  nodical  comet. 
317.  An  apparition  of  Payee  comet. 
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Na 

Xa 

[ 

Year.         Ft 

1 

• 

w 

S 

1 
& 

\ 
i 

1 

1 

d.  h. 

0   /  1   0   / 

0   / 

318 

265 

1873  iv.  i  Sept. 

10  18    36  57  .  330  38  ! 

84  3 

0.7948 

319 

256 

—  V.  '  Oct. 

I  18 

302  58   176  43  1 

58  30 

C.3848 

320 

(177)  1 

1 

—  vi.  .  Oct. 

10  12 

116  5 

101  15 

29  23 

0-5935 

3" 

(137?) 

—  vii.  "  Dec. 

3  3 

85  30 

248  37 

36  39 

0-7754 

32a 

257  . 

1874  i.  !  March 

9  33 

399  48 

30  18 

58  53 

00445 

3^3 

358  1 

ii. 

March 

14   0 

302  15 

274  7 

31  32 

0.8861 

3^4 

259  ' 

•  •• 

—   Ul. 

July 

8  30 

271  7 

118  44 

66  31 

0.6757 

335 

360 

1 

—  iv.  )  July 

17  17 

5  27 

215  5' 

34  8 

1-6883 

336 

361 

—  ▼.  '  Aug. 

36  21 

344  8 

251  29 

41  50 

09826 

327 

362 

—  vL  i  Oct. 

18  22 

263  41 

281  58 

8047 

05083 

338 

(14O  ' 

1875  i.  '  March 

1 

13   2 

276  38 

III  29 

II  17 

0.8389 

339 

(105)  1 

1 

—  ii.   April 

13   0 

158  17 

334  37 

13  7 

03329 

330 

263 

1877  i. 

Jan. 

>9   4 

300  4 

187  20 

27  0 

0.8074 

331 

364  , 

—  ii. 

April 

17  '5 

253  29 

316  37 

58  51 

0.9498 

33a 

265 

•  •• 

—  in. 

April 

36  19 

102  52 

346  4 

77  9 

1-0093 

333 

(195) 

—  iv. 

May 

10  8 

3'9  9 

146  9 

15  43 

1-3181 

334 

366 

V. 

June 

27  33 

83  20 

184  17 

64  54 

1-0231 

335 

367 

—  vi. 

Sept. 

II  10 

107  37 

250  58 

77  42 

1-57^ 

336 

368 

1878  i. 

July 

20  16 

279  50 

102  15 

78  10 

1-3920 

337 

(105) 

•  • 

—  11. 

July 

26  3 

158  20 

334  39 

13  7 

0-3335 

338 

(254) 

—  111. 

Sept. 

7  6 

306  7 

120  59 

12  45 

1-3393 

339 

077) 

1879  i. 

March 

30  8 

116  44 

103  16 

28  59 

0-5855 

340 

369 

—  ii. 

April 

28  I 

42  44 

44  57 

72  45 

0.8720 

34* 

(243) 

•  •• 

—  111. 

May 

6  23 

238  II 

78  45 

9  46 

1.7694 

34a 

370 

—  iv. 

Aug. 

34  6 

308  12 

32  33 

72  15 

0-9913 

330.  An  apparition  of  BroraetCs  comet, 

331.  Discovered  by  Winnecke  on  Nov.  11.  Probably  identical  with  the  comet  of 
1818  (i) ;  but  doubtful  whether  period  is  55-8,  i8-6,  or  6*3  years ;  Prof.  Weiss  thinka 
the  last-named  the  most  probable 

324.  An  elliptic  orbit;  period  assigned,  571 1  years. 
336.  An  elliptic  orbit ;  period  assigned,  306  years. 

338.  An  apparition  of  Winneckt^i  comet,  (1819,  iii). 

339.  An  apparition  of  Encke'g  comet.    Discovered  by  Stephan,  Jan.  37. 
330.  Discovered  by  Pechttle  at  Copenhagen,  Feb.  9. 
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« 

M 

Calculator. 

Date  of 
DitoDTery. 

DiBOorerer. 

Duration 
of  ViaibUity. 

I-O 

W.KPlummer 

1873,  Aug.  20 

Borrelly 

4  weeks. 

I-O 

— 

W.  E.  Plummer 

—     Aug.  23 

Henry 

16  weeks. 

0*80890 

+ 

W.  E.  Plummer 

—     Aug.  31 

Stephen 

8  weeks. 

0.7703a 

+ 

Weiss 

—    Nov.  10 

Coggia 

I  week. 

I'O 

+ 

Wittstein 

1874,  Feb.   20 

Winnecke 

I  week. 

I'O 

— 

Schup 

—    April  1 1 

Winneoke 

9  weeks. 

099788 

+ 

Seyboth 

—    April  17 

Coggia 

6  months. 

0.96283 

+ 

Uoletichek 

—    Aug.  19 

Coggia 

12  weeks. 

0.99865 

+ 

Gruber 

—    July  25 

Borrelly 

12  weeks. 

I-O 

— 

Uoletschek 

—    Dec.     7 

Borrelly 

4  weeks. 

0.74IOI 

+ 

Oppolzer 

1875,  Feb.     I 

Borrelly 

2  weeks. 

0.84942 

+ 

Von  Asten 

—    Jan.   26 

Holden 

17  weeks. 

1K5 

— 

Hartwig 

1877,  Feb.     8 

Borrelly 

12  weeks. 

0.99770 

— 

Plath 

—     April    5 

Winnecke 

14  weeks. 

I-O 

-♦- 

Nichol 

—    April  1 1 

Swift 

7  weeks. 

0-62780 

+ 

Hind 

—    July     8 

Coggia 

8  weeks. 

1.0 

— 

Schur 

—    Oct.      2 

Tempel 

2  weeks. 

I-O 

— 

W.  E.  Plummer 

—    Sept.  13 

Coggia 

13  weeks. 

I-O 

+ 

Biittner 

1878,  July     7 

Swift 

2  weeks. 

0.84917 

-i- 

Yon  Asten 

—    Aug.    3 

Tebbutt 

5  weeks. 

055290 

+ 

Scbulhof 

—    July  19 

Tempel 

5  months. 

081054 

+ 

Wittntein 

1879,  Jan.    14 

Tempel 

17  weeks. 

I-O 

— 

Abetti 

—    Jnne  15 

Swift 

9  weeks. 

0.46303 

+ 

Gftutier 

—    April  24 

Tempel 

10  weeks. 

I-O 

— 

Hartwig 

—    Aug.  24 

Hartwig 

4  weeks. 

331.  Visible  to  the  naked  eye  for  a  few  days.    It  had  two  small  tails,  one  of  them 
turned  towards  the  Sun.     An  elliptic  orbit ;  period  assigned,  8393  years. 

332.  Discovered  by  Borrelly  on  April  14,  and  by  Block  on  April  16.    An  elliptic 
orbit,  with  a  period  of  28,000  (!^  years  has  been  assigned  by  Holetschek. 

333.  An  api  arition  of  lyArretCs  comet. 

336.  Elements  uncertam ;  comet  observed  only  on  4  days. 

337.  An  apparition  of  Kncke's  eomct» 

338.  An  appariti(»n  of  T  mptVt  Had  Ptriodieal  comet. 

339.  An  apparition  of  liroreen^s  comet, 

341.  An  apparition  of  TempeVs  1st  Periodical  comet. 
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Xo^ 

■      5«. 

'  Tmr. 

1 

] 

PP. 

•• 

Q 

t 

« 

i 

d. 

tL 

0   # 

0     1 

0  9 

343 

'   271 

1879  ▼• 

Oct. 

4 

16 

202  27 

87  7 

77  ^ 

0^906 

344 

272 

1880  i. 

Jan. 

27 

10 

278  23 

356  17 

36  5» 

o^iQ59 

345 

«73 

-  a. 

Jidy 

I 

0 

112  28 

1 

»57  9 

56  54 

1-8186 

346 

274 

••• 

t  SepL 

6 

21 

} 

82  23 

45  " 

38  6 

0^354* 

347 

(247) 

T. 

Nov. 

7 

M 

43  0 

296  41 

5  31 

1-0692 

348 

a  75 

—  vL 

Nov. 

8 

19 

184  2 

»57  35 

5048 

0.3866 

349 

276 

TlL 

Nov. 

9 

10 

261  5 

249  22 

60  42 

0.6599 

350 

(171) 

1881  L 

Jan. 

22 

x6 

50  50 

209  36 

11  20 

17383 

351 

«77 

•  • 

May 

20 

10 

300  II 

126  24 

77  58 

0.5911 

35a 

278 

•  •• 

—  Ill- 

June 

16 

10 

265  13 

27057 

63  25 

07^44 

353 

279 

—  iv. 

Aug. 

22 

7 

334  55 

97  » 

39  46 

06335 

354 

280 

V. 

Sept. 

13 

10 

18  36 

65  fa 

6  50 

07259 

355 

281 

• 

VI. 

8ept. 

14 

8 

267  51 

^74  9 

67  II 

0.4492 

35^ 

(I05) 

•  • 

Vll. 

Nov. 

15 

I 

158  30 

334  34 

"  53 

0-3430 

357 

282 

—  viii. 

Nov. 

19 

17 

63  37 

181  19 

35  »o 

1-9261 

358 

>83 

X882  i. 

Jane 

10 

13 

53  55 

ao4  55 

73  48 

0-0607 

359 

284 

iii. 

Sept. 

17 

3 

276  16 

346  18 

37  56 

OKX>83 

360 

2Ss 

—  iv. 

Sept. 

34 

2 

232  21 

354  50 

29  41 

0-0184 

361 

286 

V. 

Nov. 

13 

0 

354  48 

249  7 

83  51 

0-9554 

3^2 

287 

1883  i. 

Feb. 

18 

22 

29  0 

278  7 

78  4 

0-7599 

344.  Seen  only  in  the  Southern  Hemisphere.  It  was  visible  to  the  naked  eye  with 
a  not  very  bright  tail  40°  long.  The  elements  closely  resemble  those  of  the  great 
comet  of  1843. 

346.  Visible  to  the  naked  eye  as  a  5th  mag.  star  with  a  tail  2°  long.  Perhape 
identical  with  the  comets  of  1382,  1444,  1506,  and  1569,  or  some  of  them,  in  which 
case  Winnecke  laggested  a  period  of  62^  yean,  but  the  period  of  the  orbit  here  given 
is  1 280  years. 

347.  An  apparition  of  the  comet  of  1869  (iii)  now  known  as  TewpeV$  Ilird  Periodical 
comeU  or  SwifCs  comet.    Period,  6«oo  years. 

348.  Observations,  and  therefore  orbit,  very  uncertain.  The  whole  thing  probably 
a  fraud  bv  one  Cooper. 

349.  Visible  to  the  naked  eye  on  Deo.  18  with  a  tail  ^°  long.  It  had  indeed  2 
tails,  one  of  which  was  seen  by  C.  A.  Young  to  be  directed  towards  the  sun. 

350.  An  aoparition  of  Paye's  comet, 

353.  Visible  to  the  naked  eye  in  June  with  a  tail  10°  long.  An  elliptic  orbit; 
period  assigned,  2954  years. 
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+ 

CUeolator. 

Date  of 
DiMsorery. 

DiMSOverer. 

Dniation 
of  VUbUitj. 

I'O 

Zelbr 

1879,  Aug.  a  I 

Paliaa 

9  weeks. 

099947 

— 

W.  Meyer 

1880,  Feb.     I 

Many  obsenrers 

3  weeks. 

l-O 

— 

Schiiberle 

—    April    6 

Schaberle 

5  months. 

0-99701 

^_ 

[BoBsert 
Sehulliof  mnd 

—    Sept  39 

Hartwig 

9  weeks. 

0^7594 

+ 

Upton 

—    Oct    10 

Swift 

14  weeks. 

1.0 

— 

Oppenheim 

—    Dec.   21 

Cooper 

4  days. 

i*o 

+ 

Oppenheim 

—    Dec.   16 

Pechttle 

15  weeks. 

0.5490a 

+ 

MoUer 

—    Aug.    a 

Common 

8  months. 

I'O 

+ 

Gnus 

1881,  April  30 

Swift 

a  weeks. 

0.99643 

+ 

Dun^r 

—    May  aa 

Tebbntt 

9  months. 

1.0 

— 

Stechert 

—    July  13 

Schaberle 

14  weeks. 

0-83041 

-t- 

W.  R  Plummer 

—    Oct.      4 

Denning 

6  weeks. 

10 

— 

MilloseYich 

—    Sept  19 

Barnard 

6  weeks. 

0.84550 

+ 

Backlund 

—    Aug.  30 

Hartwig 

I  a  weeks. 

\-o 

— 

Oppenheim 

—    Nov.  16 

Swift 

8  weeks. 

1.0 

-t- 

Kreutc 

1882,  Mar.  17 

Wellii 

5  months. 

0.99993 

— 

TaUook 

—    Sept    3 

Many  observers 

9  months. 

1.0 

— 

Hind 

—    Oct     9 

Schmidt 

3  days. 

1.0 

— 

WolynoewicB 

—    Sept  13 

Barnard 

I  a  weeks. 

i.o 

+ 

Chandler  and 
WendeU 

1883,  Feb.  23 

Brooks 

7  weeks. 

353.  Visible  to  the  naked  eye  for  a  or  3  weeks  in  August  with  a  tail  which  on 
Aug.  21  was  10°  long. 

354.  An  elliptic  orbit;  period  assigned,  8.86  yean.  Thought  by  Winnecke  to  be 
a  return  of  the  comet  of  1855  (ii). 

356.  An  apparition  of  Emdce^s  comet.  Seen  with  the  naked  eye  by  Denning  on 
Oct.  29. 

357.  Elements  resemble  those  of  comet  i.  179a. 

358.  Visible  with  a  telescope  on  June  10  within  3°  of  the  Sun.  A  period  of  about 
400,000  yean  has  been  assigned  by  F.  J.  Parson  {A,  H,,  vol.  ovii.,  a550,  Oct  31, 1883). 

359.  360.  For  important  details  connected  with  these  comets  see  Bk.  IV.  ch.  iiL 
(ante).  No.  350  is  possibly  a  return  of  the  comets  of  370  B.C.,  and  ii3iorii3a  A.D., 
but  the  period  of  the  orbit  here  given  is  1376  yean.  It  is  noteworthy  that  the  comet 
of  370  B.C.  is  said  to  have  separated  into  a  parts  as  No.  359  did.  This  comet  was 
last  seen  with  the  naked  eye  by  Thome  at  Cordoba  on  March  7,  1883.  Ravene  found 
the  period  to  be  718  yean. 

362.  Discovered  a  few  houn  later  by  Swift.  It  had  a  fidnt  narrow  tail  about  y* 
long. 
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So. 

Xo. 

r«r. 

pp. 

■ 

Q 

• 

. 

± 

a        ,     1       D        . 

o        . 

363 

188 

T883  ii. 

Doc 

15 

1"?   46 

264  IS 

6i     1 

03097 

364 

(130 

1684    i. 

•'"■ 

'S 

93  "o 

.546 

74    3 

o-77S< 

36s 

1S9 

—    ii. 

Aog. 

16 

306  10 

i   '0 

S  '7 

'■i;93 

36S 

190 

-  iii. 

Nov. 

17 

.856 

106  ji 

35  iG 

1-5736 

367 

C-oi) 

.885   i. 

Mm. 

5 

158  33 

3  34 

"  S4 

0-3330 

368 

igl 

—     ii. 

Aug. 

5 

17047 

92  17 

8037 

,.5068 

369 

191 

—  iiL 

Aqg. 

10 

»47  4' 

J04  40 

59  '1 

0-7508 

370 

(-.0 

—      iT. 

S.pt. 

" 

i]6  18 

1694' 

54  19 

t-oa6o 

371 

"93 

_        V. 

Not. 

=  5 

»97  44 

>Gj  11 

4.  .6 

1.0790 

m 

»94 

1886    i. 

April 

5 

161  5S 

36  " 

8i  37 

0-64*3 

373 

'95 

—     ii. 

M., 

3 

188  58  !    68  ig 

84  '3 

0.4790 

374 

J96 

—    iii. 

Mv 

4 

316  19      "87  45 

7948 

0-8419 

37S 

»97 

—    iv. 

Jane 

6 

"9  45 

53     3 

'156 

I -3370 

376 

igS 

-        T. 

JmiB 

7 

33  55 

191  41 

8744 

o-»7o3 

377 

(MO 

—     vi. 

Sept. 

ii> 

176    4 

.0156 

14  27 

0-B83, 

37a 

.99 

-     Tii. 

Nov. 

31 

7  14 

5'  '9 

3      I 

1.17 

379 

300 

—  viii. 

Nov. 

iS 

190    4 

25a  " 

8S  35 

..4800 

380 

301 

—    ii. 

Dec. 

16 

113  43 

■37  »' 

78  30 

0-6618 

381 

301 

1887    i. 

Jan. 

1. 

'74    fi 

337  4> 

43    0 

0-00S4 

381 

303 

—     ii. 

M«reh 

ifi 

110  4") 

379  49 

75  4" 

'■6333 

383 

304 

—    iii. 

Much 

18 

'7'  5S 

»3S  »7 

40  11 

1-0068 

3'"4 

305 

-    iv. 

JUDS 

16 

16 

160  )9 

»4S  •» 

'7  35 

'■3949 

3RS 

('3S) 

-     '■ 

Oct. 

8 

.0 

'49  45 

84.9 

44  33 

1.1996 

386 

306 

1S88     i- 

March 

■7 

0 

145  '7 

MS  " 

4=   IS 

o.fi987 

387 

('05) 

—    ii- 

JUB8 

iS 

° 

'58  3S 

334  39 

'»  S3 

O'333o 

364.  Aretumof i'oiu'ie<i««<n/'i8i). 

365.  An  elliptic  orbit ;  period  uaigned,  5'36  jeui. 
j66.  An  ellipDo  orbit ;  ptri.nl  swigned,  6.764  yean. 
367.  &.  ntOTarS  Eucln'i  cjmtt. 

)fii.  PeribelioD  diaU&oe  gruter  Iban  tbat  of  any  other  oomet 
370.  A  retnm  of  TaltU't  aiiatl  (1858,  i). 
37*.  At  tbe  end  of  April  it  reached  mag.  ly,  and  had  a  tail  4' 
373.  It  had  a  toil  3"  long.    Elampnte  reiemble  tho»e  of  tbe  0( 
375.  An  elliptic  orbit ;  period  asaigned,  6-30  jnn. 
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** 

Calculator. 

Date  of 
Difloovery. 

Discoverer. 

Dnration 
of  Viaibility. 

1K> 

Oppenheim 

1884,  Jan.     7 

Ron 

5  weeks. 

0-95499 

+ 

Sehulliof  mnd 
BoBsert 

1883,  Sept.    a 

Brooks 

9  months. 

0.58247 

+ 

Berberich 

1 884,  July  16 

Barnard 

17  weeks. 

0-55988 

+ 

Zelbr 

—    Sept.  17 

Wolf 

7  months. 

0-84575 

•  •  • 

Backlund 

—    Dec.   13 

Tempel 

7  weeks. 

1.0 

+ 

Berbench 

1885,  July     7 

Barnard 

8  weeks. 

0-98801 

+ 

Campbell 

—    Aug.  31 

Brooks 

5  weeks. 

0.82154 

+ 

lUhti 

—    Aug.    8 

Perrotin 

5  weeks. 

I'O 

+ 

MUller 

—    Dec.  a6 

Brooks 

9  weeks. 

10 

+ 

Svedstrap 

—    Dec.     I 

Fabry 

8  months. 

10 

+ 

Hepperger 

—    Dec.     3 

Barnard 

8  months. 

I-O 

— 

Celoria 

1886,  May     I 

Brooks  (2) 

5  weeks. 

o-6o8io 

+ 

Hind 

—    May  22 

Brooks  (3) 

6  weeks. 

• 

10 

+ 

Krfiger 

—    April  27 

Brooks  (!) 

13  weeks. 

0.72677 

+ 

PaUsa 

—    Aug.    9 

Finlay 

14  weeks. 

0-71819 

+ 

Krliger 

—    Sept.  26 

Finlay 

6  months. 

I-O 

+ 

Egbert 

1887,  Jan.  23 

Barnard 

16  weekf. 

10 

— 

Svedatrnp 

1886,  Oct.      4 

Barnard 

14  weeks. 

1-0 

_ 

Chandler 

1887,  Jan.   18 

Thome 

I  week. 

I-O 

— 

Bom 

—    Jan.   22 

Brooks 

13  weeks. 

1.0 

— 

Barnard 

—    Feb.   15 

Barnard. 

2  weeks. 

10 

+ 

Chandler 

—    May  13 

Barnard. 

3  months. 

0.93108 

+ 

Ginzel 

—    Aug.  24 

Brooks. 

2  months. 

0-99493 

+ 

Bosa 

1888,  Feb.   18 

Sawerthal 

6  months. 

0.8454a 

+ 

Backlund 

—    July    8 

Tebbutt 

4  weeks. 

377.  A  return  of  Winnecle^s  eomei,     (Theoretical  elements.) 

378.  An  elliptic  orbit ;  period  assigned,  6-67  years. 

380.  Visible  to  the  naked  eye  as  a  star  of  mag.  2,  with  a  tail  5^  long,  besides  2 
secondary  tails. 
382.  Probably  an  elliptic  comet  of  long  period. 

385.  A  return  of  Olbert**  cwnet  of  1815. 

386.  It  had  a  tail  which  on  April  ii  was  5°  long.    An  elliptic  orbit:   period 
asui^j^ned  161 5  years. 

387.  An  apparition  of  Encke"*  comet, 
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No. 


S88 

3S9 
390 

391 
39» 


No. 


307 

(171) 
308 

309 
310 


Yeu: 


PP. 


1888  UL 

—  iy. 

—  ▼. 

1889  i. 

—   a. 


July 
Aug. 
Septk 

Jmn. 
June 


d.  h. 
31  4 
19  la 

13    o 

31    6 
13    8 


"K 

8 

1 

0         / 

0  / 

0   / 

160  40 

loi  a6 

74  II 

50  56 

20943 

II  30 

6835 

137  34 

56  14 

16  56 

357  34 

13  38 

73  31 

3»o  35 

16  13 

1 

<V9035 

1.7381 

II  53a 

1-8151 
1.3493 


37« 
37* 


26a 
266 


1457    ». 
1457  ». 


Jmi.      17  33 
Aug.       8    o 


84  34 
9  33 


ADDITIONAL  COMETS 

H9  39       13  16      0-7035 
184  34         9  53      0-7606 


389.  An  apparition  of  Fayt*s  eomet. 
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lO 

0.5490a 

I-O 

1*0 

I-O 


GftlouUtor. 


+ 
+ 
+ 


WilBon 

Halm 

Sorbttrioh 
Krttger 


RECENTLY  CALCULATED. 


I'O 
I-O 


+ 


CelorU 
CelarU 


Date  ef 
DiflOOTary. 


1888,  Aug.     7 

—  Aug.    9 

—  Oct.    30 

—  Sept.    a 

—  Mar.  31 


Diaoorerer. 


Brookfl 

Perrotan 

Barnard 

Barnard 
Barnard 


Dniation 
of  ViaibUitj. 


II  weeka. 
4  montha. 
4montliior  4- 

manymonthi. 
4  weeka. 


1457 
1457 


ChinMaoba. 
Chinaae  oba. 


39a.  Very  faint,  aay  la*^  mag. ;  with  a  tail  15'  long. 
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A  SUMMARY  OF  THE  PRECEDING  CATALOGUE*. 

FROM  an  examination  of  the  Catalogue  just  ^ven  we  may 
obtain  certain  results  which  will  here  be  analysed. 
It  appears  that  394  comet  apparitions  have  been  subjected  to 
mathematical  investigation,  viz. : — 

Known  periodical  comet!      33 

Subfeqnent  reiuniB 81 

Elliptic  comets  not  yet  verified,  and  parabolic  comets  284 
Hyperbolic  comets     6 

•  *^~"~ 

394 

Of  known  periodical  comets,  we  have  the  following,  as  the 
number  of  the  apparitions  of  each 

of  Enoke*s. 

of  Halley's. 

of  Faye's. 

of  Biela's. 

of  Brorsen'i. ' ' 

of  Winneoke's. 

ofD*Arreet*s. 

ofTuttle's. 

of  Tempel's  Ist. 

of  Tempel*s  Ilnd. 

ofTempel*sIIIrd. 

Also  a  of  each  of  the  following : — 
961:  1097:  1231:  1264:  I36ai:  1532:  1596:  1678:  1699!:  i79oiii:  1810:  1813. 

Elliptic  orbits  have  been  assigned  in  the  Catalogue  to  various 
comets,  of  which  however  no  2°^  returns  have  as  yet  taken  place. 

Elliptic  orbits  have  been  assigned  by  some  computers  to  certain 
other  comets  ;  of  which  it  must  be  said  that  the  probability  is 
not  sufficiently  great  to  warrant  their  being  included  in  a  list  of 
undoubted  elliptic  comets. 


24 

8 
6 

5 
5 

4 
4 

3 

2 
2 


*  This  summary  does  not  include  comets  difooiwre<i««&ff9i(^//jf  toDeo.  31, 1888. 
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The  following  are  the  known  hyperbolic  comets : — 

1729:  1771 :  1774:  i84oi:  i843ii:  i853iii. 

Hyperbolic  orbits  have  been  assigned  by  some  computers  to  the 
following  comets :  but  the  probability  is  not  sufficiently  great  to 
warrant  their  being  definitely  given  as  such : — 

1733:    1773:    1779:    i8i8iii:    i826ii:    1830!:    i843i:    i844iii:  18451:   1845U 
1849  iii:    1852  U:  1863  yi:  x886u. 

The  following  are  some  of  those  comets  which  have  been  sup- 
posed to  be  identical : — 


1 881  V. 

with 

1855  ii. 

1880  i. 

1843  i. 

1880  iii. 

1569,  1506,  1444.  or  1382. 

1873  vii. 

— 

1818  i. 

1871  ii. 

— 

1827  i. 

1863  V. 

— 

1490. 

1860L 

— 

1845  ii,  17851,  mnd  1351. 

1858  iv. 

179911, 

1857  V. 

— 

1825  i,  mnd  1790  iii. 

1854  iv. 

1558. 

1854  ii. 

— 

1799  ii. 

1853  iv. 

— 

1582  ii. 

1853  i. 

— 

1664. 

1852  ii. 

— 

1819  ii. 

18441. 

— 

1678. 

1843  i. 

— 

1668  and  many  othen. 

1840  iv. 

1490. 

1827  m. 

— 

1780  i. 

1819  iv. 

— 

»743i. 

i8i9iii. 

— 

1766  ii. 

1661 

— 

»53». 
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CHAPTER    VIIL 

A.  CATALOGUE  OF  COMETS  RECORDED,  BUT  NOT  WITH  SUFFICEKNT 
PRECISION  TO  ENABLE  THEIR  ORBITS  TO  BE  CALCULATED*. 

IN  the  present  day  it  does  not  often  happen  that  a  comet 
becomes  visible  without  its  being  observed  sufficiently  long 
for  at  any  rate  some  approximation  to  the  elements  of  its  orbit 
to  be  deduced.  Such  however  was  not  the  case  in  olden  times. 
Observers  were  few,  and  till  the  17th  century  observatories  and 
instruments  can  scarcely  be  said  to  have  existed  at  aD.  There- 
fore whatever  astronomical  information  we  possess  antecedent 
to  AD.  1600,  we  owe  to  the  writings  of  historians  and  chroni- 
clers, who  seldom  give  more  than  bare  statements,  with  few  or 
no  details. 

The  first  astronomer  who  made  any  systematic  attempt  to  put 
together  the  various  allusions  to  comets  which  occur  in  the  old 
writers  was  Stanislaus  Lubienitzki,  whose  Theatrum  Cameticum  in 
2  folio  volumes  appeared  at  Amsterdam  in  1668.  The  2^"^  volume 
contains  records  of  415  comets  or  supposed  comets  up  to  1665. 
Hevelius  gives  a  history  of  comets  in  the  XII^^  Book  of  his 
Cametographia.  Far  more  critical  is  Nicolas  Struyck,  who  in  his 
Algemeene  Geograpkif^  published  at  Amsterdam  in  1740,  and  in 
his  Vervolg  van  de  Beschrjfving  der  StaarUterren^  published  at 
Amsterdam  in  1753,  paved  the  way  for  the  French  astronomer 
Pingr^,  who  in  1783  published  his  celebrated  ComStograpkie ;  au 

^  I  slioald  be  glikl  to  receive  iDforma-  joomalB,  whether  published  or  in  MS., 

tion  cslonlated  to  render  this  diapter  of  modem  travellers  and  othere,  would 

more  complete.    I  cannot  but  beliere  bring  to  light  many  more  comets  th«n 

that   a    diligent    search    through    the  these  catalogned  in  this  Tolome. 
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Traits  historique  et  th^aretique  des  Comity,  This  work,  which  for 
the  industry  and  labour  bestowed  upon  it  has  few  equals,  has  been 
from  the  period  of  its  publication  down  to  the  present  day  the 
astronomer  s  text-book  on  the  subject  of  cometary  history :  it 
has  never  been  superseded,  and  is  never  likely  to  be,  though 
supplementary  matter  has  of  course  been  accumulated.  E.  Biot, 
working  from  Chinese  sources,  followed  up  Pingr6  with  great 
industry.  The  following  catalogue  is  based  upon  that  of  Pingr^, 
and  includes  recent  results,  especially  those  elaborated  in  a 
valuable  catalogue  commenced  by  Hind  in  the  Companion  to  the 
Almanac,  1859  and  i860,  but  remaining  unfinished.  Brevity 
being  essential  to  this  work,  I  have  been  obliged  to  omit  much 
that  was  curious  and  interesting,  and  to  confine  my  attention 
chiefly  to  necessary  facts  and  figures,  with  references  only  to  the 
most  important  authorities. 

The  Chinese  observations,  to  which  such  constant  reference  is 
made,  were  originally  made  known  in  Europe  by  MM.  Couplet, 
Oaubil,  and  De  Mailla,  Jesuit  priests  at  Pekin,  early  in  the  18th 
century,  who  made  very  good  use  of  their  opportunities  of  bene- 
fiting science.  De  Mailla  s  MSS.  were  published  at  Paris  in  the 
last  century,  but  those  of  Oaubil  and  Couplet  remain  in  their 
original  form.  E.  Biot  published  in  the  Connaiuanee  dei  Tempi 
a  translation  of  some  valuable  Chinese  catalogues  of  comets ^ 
which  have  been  duly  consulted  ;  and  it  is  not  improbable  that 
as  our  intercourse  with  that  remarkable  people  beoomes  greater, 
further  sources  of  information  may  be  opened  to  us. 

Biot  gives  2  supplementary  catalogues  of  *'  extraordinary  stars." 
These  are  distinct  in  the  originals  from  the  comets  strictly  so 
called ;  but  as  there  is  little  doubt  that  many  of  these  objects 
were  genuine  comets,  though  not  treated  as  such  by  the  Chinese, 
a  selection  of  them  is  inserted  in  this  catalogue,  an  asterisk  (*) 
being  appended  either  to  the  year  or  to  M.  Biot's  name.  The 
remainder  will  be  given  in  a  catalogue  of  *^  New  Stars,"  in  a 
later  volume  of  this  work,  where  will  also  be  found  some  further 
remarks  on  these  objects. 

»»  1846,  pp.  44-^4- 
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The  most  recent  editor  of  Chinese  comet  observations  is  the 
late  Mr.  J.  Williams,  whose  catalogue  published  in  187 1  is  by 
far  the  most  elaborate  work  of  its  sort  extant.  Great  use  has 
been  made  of  that  valuable  compilation  in  the  revision  of  the 
pages  which  now  follow. 

.  It  may  be  well  to  state  that  very  great  uncertainty  hangs 
over  the  earlier  comets,  hereinafter  referred  to,  and  to  some 
extent,  too,  over  all,  more  especially  as  regards  the  positions  in 
which  they  were  seen  and  the  duration  of  their  visibility. 

The  Chinese  constellations  are  much  more  numerous  than 
ours,  and  where  several  Greek  letters  precede  a  Latin  genitive 
case,  it  is  to  be  understood  that  the  Chinese  place  the  comet  in 
the  group  formed  of  those  stars  without  specifying  that  it  was  in 
juxtaposition  with  any  one  star  in  particular. 

The  Chinese  reckon  by  moons,  and  as  it  rarely  happens  that 
the  whole  of  a  lunation  is  comprised  in  a  single  Julian  month, 
it  is  requisite  in  many  cases  to  couple  2,  months  together :  thus, 
May — June,  which  means  that  the  comet  appeared  in  the  "moon** 
which  began  on  (say)  May  18,  and  therefore  ended  on  June  15. 
In  cases  where  the  precise  day  of  the  lunation  is  recorded,  the 
exact  Julian  day  can  of  course  be  deduced,  and  the  expedient  of 
coupling  together  2,  months  is  superseded.  The  years  B.c.  are 
reckoned  in  astronomical  style. 

One  tchang  equals  io° ;  one  che  equals  i^. 

[i.]  B.0. 1770.  +  St.  Augustine  has  preserved  the  following  extract  from  Varro  :— 
'*  There  was  seen  a  wondeif  ul  prodigy  in  the  heavens  with  regard  to  the  briUiant 
star  Venus,  which  Plautus  and  Homer,  each  in  his  own  language,  caU  the 
'  Evening  Star.*  Castor  avers  that  this  fine  star  changed  colour,  size,  figure, 
and  path :  that  it  was  never  seen  before,  and  has  never  been  seen  since.  Adrastus 
of  CyzicuB  and  Dion  the  Neapolitan  refer  the  appearance  of  this  great  prodigy  to  the 
reign  of  Ogyges.** — (2>0  Civitate,  xxi.  8.)  This  description,  such  as  it  is,  may  be  that 
of  a  comet,  but  no  further  particulars  have  been  preserved. 

[3.]  1104. ±  We  are  told  by  Hyginus,  a  contemporary  of  Ovid,  that  "on  the  &I1 
of  Troy,  Electra,  one  of  the  Pleiads,  quitted  the  company  of  her  6  sisters,  and  pawed 
along  the  heavens  toward  the  Arctic  Pole,  where  she  remained  visible  in  tears  and 
with  dishevelled  hair,  to  which  the  name  of '  comet  *  is  applied." — (Fr^t,  Acad,  de9 
Inscriptions ^  x.  357.)  What  we  are  to  understand  by  this  is  doubtful,  bat  the 
account  might  relate  to  a  comet  which  passed  from  Taurus  to  the  North  Pole. 

[3.]  1140.  ±  At  the  time  that  Nebuchadnezzar  overran  Elam  ''a  comet  aroee  whose 
body  was  bright  like  the  day,  while  from  its  luminous  body  a  tail  extended^  like  the 
sting  of  a  scorpion." — (A.  H.  Sayce,  Babylonian  Inscriptions.) 
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[4.]  076.  +  "The  Egyptians  and  the  iEthiopiaiiB  felt  the  dire  effeoto  of  tbii  oomet, 
to  which  Typhon,  who  reigned  then,  gave  his  name.  It  appeared  all  on  fire,  and  was 
twisted  in  the  form  of  a  wreath,  and  had  a  hideoos  aspect ;  it  was  not  so  much  a  star 
as  a  knot  of  fire.''~(Pliny,  Hitt.  NcU.,  ii.  25.)    Date  very  onoertain. 

[5.]  610  or  618.  "We  shall  see  in  the  W.  a  star  sach  as  is  called  a  comet ;  it  will 
announce  to  men  war,  famine,  and  the  death  of  several  distinguished  leaders.** — 
{SybiU.  Orae.  iii.)  Thousrh  given  as  a  prophecy,  Pingrd  says  he  feels  justified  in 
citing  this  passase  as  a  historical  recoid.  He  thinks  moreover  that  the  prophet 
Jeremiah  may  refer  to  a  oomet,  and  it  might  be  this  oomet,  in  Jer,  i. 

[6.]  611.  In  July  a  comet  appeared  among  the  7  stars  of  Ursa  Major. — (Confucius, 
Tckun-t*ieo»,  quoted  by  Ma-tuoan-lin.) 

[7.]  632  or  631.  At  the  winter  solstice  a  comet  appeared  in  the  Western  part  of 
Aquarius,  or  the  tail  of  Capricomus. — (Gaubil.)  Ma-tuoan-lin  gives,  from  Confucius, 
531  as  the  date,  and  the  position  a,  a,  r  SoorpiL  Pingr^  regards  the  description  as 
applying  to  one  and  the  same  comet. 

[8.]  624-23.  In  the  winter  a  comet  passed  from  Scorpio  to  the  Milky  Way. — 
(Gaubil ;  De  Mailla,  HUtoire  GinSrale  de  la  Chine,  ii.  193.) 

[9.]  616.  In  Julv  a  oomet  was  seen  near  H  Herculis,  (Williams,  i.)  Monck 
suggests  that  this  should  read  17  Herculls. 

[10.]  601.  In  December  a  comet  was  seen  in  the  East.    (Williams,  1.) 

[11.]  481.  A  oomet  appeared  at  the  end  of  the  year  in  the  E.  part  of  the 
heavens.  Its  length  was  a^  and  it  reached  from  the  star  Tn^  (?)  to  a  Soorpii. — 
(Gaubil;  Ma-tuoan-lin ;  De  Mailla,  ii.  322.) 

[i  2.]  470.  At  the  time  of  the  battle  of  Salamis  a  comet  in  the  shape  of  a  horn 
was  visible.— (Pliny,  SuL  Nat,  ii.  25.) 

[13.]  466.  ±  During  a  period  of  75  days  an  extraordinary  object  appeared  in  the 
sky,  according  to  the  testimony  of  several  writers. — (Damachus ;  Pliny,  Hitt,  Nat., 
ii.  58.)  A  comet  may  be  referred  to,  but  an  Aurora  Borealis  would  seem  beet  to 
reconcile  the  various  European  statements.  Ma-tuoan-lin  speaks  of  a  comet  in  466, 
which  Pingr^  considers  identical  with  the  "  extraordinary  object  **  of  the  European 
writers  visible  in  January  or  February  465. 

[14.]  432.  It  is  certain  that  a  oomet  appeared  in  this  year. — (Couplet;  De 
Mailla,  ii.  244 ;  Ma-tuoan-lin.) 

[15.]  426  or  402.  At  the  time  of  the  winter  solstice,  during  the  archonship  of 
Euclides,  at  Athens,  a  comet  appeared  near  the  North  Pole. — (Aristot.,  Meteor.,  i.  6.) 
There  were  2  archons  of  this  name,  it  is  therefore  impoMdble  to  fix  the  year  of  this 
comet*8  apparition. 

[16.]  360.  A  comet  was  seen  in  China  and  Japan  in  the  W. — (Couplet;  De 
Mailla,  ii.  267  ;  Kaempfer,  Hietoire  dm  Japon,  ii.  La  Haie,  1729.) 

[17.]  846  (?\  A  oomet  in  the  form  of  a  mane  was  seen,  which  was  afterwards 
changed  into  tnat  of  a  spear. — (Pliny,  Hist.  Nat,  ii.  25.)  Date  very  uncertain; 
Pliny  gives  the  double  date  of  the  Olympiad  and  A.  U.  C,  which  do  not  correspond, 
so  one  or  the  other  must  be  wrong.     345  above  is  f^rom  Pingr^. 

[18.]  844.  "On  the  departure  of  the  expedition  of  Timoleon  from  Corinth  for 
Sicily  the  gods  announced  his  success  and  future  greatness  by  an  extraordinary 
prodigy.  A  burning  torch  appeared  in  the  heavens  for  an  entire  night,  and  wsini 
before  the  fleet  to  Sicily.** — (Diodorus  ^culns,  Bibliotkeoa  Historiea,  xvi  11; 
Plutarch,  Timoleon.)  Fingr^  remarks  that  it  is  easy  to  see  that  the  oomet 
appeared  in  the  W.,  and  had  a  considerable  N.  declination. 

[19.]  340.  A  comet  was  seen  for  a  few  days  near  the  equinoctial  drole. — (Aris* 
to  tie,  Meteor,  f  i.  7.) 

[20.]   304.  A  comet  was  seen  in  China. — (Ma-tnoan-lin ;  De  Mailla,  ii.  306.) 

[21.]  802.  A  comet  was  seen  in  China.— (Ma-tuoan-lin ;  De  Mailla,  ii.  306.) 
The  Chinese  annalist  expressly  says  that  there  were  a  comets  in  2  years. 
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[a a.]   206.  A  oomet  wm  leen  in  Chiiuk. — (MA-tooMi-liiL.) 

[33.]  289*  A  oomet  wm  seen  in  China.  It  came  from  the  £.,  and  pa— 3d  bj  the 
N.,  uid  in  the  5th  moon  (May)  it  was  seen  daring  16  days  in  the  W. — (ICa-tiioan- 
lin ;  Williams,  a.) 

[34.]  237.  In  the  9th  year  of  Chi-hoang-ti  a  star  appeared  in  the  h<niacm.  In 
April  it  was  seen  in  ^e  W. ;  it  appeared  ^en  in  the  N.,  to  the  8.  of  the  7  stan  of 
Ursa  Major,  for  80  days. — (Bia-tnoan-lin ;  Williams,  a.) 

[35.]   238.   In  China  a  oomet  was  seen  in  January  in  the  E. — (Mji-tiioaii-liii.) 

[a6.]   282.   Four  oomets  were  seen  during  80  days.—  (Williams,  3.) 

[a;.]  218.  A  brilliant  star  was  seen  in  China  to  oome  from  the  W.'— (Ma-tooan- 
lin ;  Die  Mailla.  ii.  399.)     Probably  a  oomet. 

[a8.]  208.  A  torch  extended  from  £.  to  W.  for  10  days  in  Aug. — Sept  It 
appeared  near  Arctnms. — ^alins  Obseqnen^,  Prodigicrum  Liher,  8vo.  Arnttdo- 
dami,  1679,  Supplement  by  Lycostbenes ;  Ma-tuoan-lin.) 

[39.]  202.  A  burning  torch  was  seen  in  the  heavens. — (Julius  Obsequens,  Prodig., 
Suppl.) 

[30.]  171.  A  large  oomet  with  a  tail  was  seen  in  China  at  the  end  of  the  mun- 
mer. — (Couplet ;  De  Mailla,  ii.  554.) 

[31.]  168.  A  torch  was  seen  in  the  heavens. — (Julius  Obsequens,  Prodig^  8«q>pl.; 
Livius,  HUtoria,  zliii.  13.) 

[3a.]  166.  A  burning  torch  was  seen  in  the  heavens. — (Julias  Obseqaens,  Prodiff^ 

Suppl.) 

[33.]  166.  A  torch  was  seen  in  the  heavens. — (Julius  Obsequens,  Prodiff.,  Suppl.) 
We  are  further  told  that  at  one  place  the  Sun  was  seen  for  several  hours  in  the 
night,  so  that  if  this  object  was  a  oomet  it  must  have  been  an  extremely  brilliant 
one. 

[34.]  166.  In  October  (end  of)  a  comet  10°  long  appeared  in  the  W.  It  was 
visible  for  16  days,  and  traversed  Aquarius  and  Equuleus  to  the  neck  of  Pegasos.^ 
(Ma-tuoan-lin ;  De  Mailla,  ii.  568.) 

[35.3  164  (i).  A  comet  came  from  the  S.  W.  in  January. — (Ma-tuoan-lin ;  De 
MaiUa,  ii  569.) 

[36.]  164  (ii).  In  July  a  comet  appeared  in  the  N.  £. — (De  Mailla,  ii.  569  ; 
Williams,  4.) 

[37.]  163.  In  February  a  tailed  star  appeared  in  the  W. — De  MaiUa,  ii.  571 ; 
Williams,  4.) 

[38.]  147.  A  comet  appeared  in  May  in  the  N.  W.,  and  lasted  a  or  3  weeks.  It 
had  the  same  R.  A.  as  Orion. — (Ma-tuoan-lin  ;  De  Mailla,  ii.  588.) 

[39.]  146  (i\  On  March  14  a  comet  10  cubits  long  was  seen  at  night  in  the  N.  W., 
probably  in  Orion.  As  it  passed  on  it  increased  but  little  in  size.  Alter  15  days  it 
was  no  more  seen. — (Williams,  4.) 


[40.]  146  (ii).  **  After  the  death  of  Demetrius  king  of  Syria,  the  father  of 
trius  and  Antiochus,  a  little  before  the  war  in  Achaia,  there  appeared  a  comet  as 
large  as  the  Sun.  Its  disc  was  at  first  red,  and  like  fire,  spreading  sufficient  li^t  to 
dissipate  the  darkness  of  night ;  after  a  little  while  its  sise  diminished,  its  brilliancy 
beoame  weakened,  and  at  length  it  entirely  disappeared.** — (Seneca,  QutuL  Ifat.^ 
vii.  15.)  It  lasted  3a  days. — (Julius  Obsequens,  Prodigiorum  Liber.)  IVobably 
this  account  relates  to  the  comet  seen  this  year  in  China,  August  6-16,  and 
which  passed  from  the  divisions  Scorpio  and  Sagittarius  to  near  (  Ophiuchi.  The 
sise  of  the  Chinese  oomet  steadily  decreased  day  by  day. — (Williams,  4.) 

[41.]  146  (iii).  In  October  a  comet  was  seen  in  the  N.  W. — (Williams,  5.) 

[4a.]  187  (i).  **  In  the  reign  of  Attains  a  comet  was  seen  which,  small  at  first, 
afterwards  beoame  much  larger.  It  reached  the  equinooiial  eirole,  and  equalled  in 
length  that  part  of  the  heavens  which  is  called  the  Milky  Way."---(8tn>oa»  QmrnsL 
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Niit.^  vii.  15.)  It  appeared  in  March — ^April,  in  the  lower  part  of  Hydra,  and 
passed  througii  Leo — Virgo  into  the  oiroompoUur  regions,  arriying  at  length  at  the 
Milky  Way.  — (Ma-taoan-lin.) 

[43.]  137  (ii).  A.oomet  appeared  2  months  after  the  preceding;  it  passed  from  9, 
f  Herculis  to  a,  c,  (  Lywe. — (Ma-tuoan-lin.) 

137  (iii).  In  Aogost  a  comet  was  seen  in  the  N.  £. — (Williams,  5 ;  Ma-tooan-lin ; 
De  Mailla,  iii  9.) 

The  preceding  3  comets  may  in  reality  have  been  bat  one  and  the  same ;  one  of 
them,  or  else  the  comet  of  134  {poMi)^  is  the  nomet  which  appears  in  the  other 
catalogue  nnder  the  date  of  136.     [^Therefore  a  number  is  dropped  kere.'\ 

[44.]  136  (ii).  In  October  a  comet  was  seen  in  the  N.  K — (Williams,  5.) 

[45.]  134.  At  the  birth  of  Mithridates  a  comet  appeared  and  lasted  70  days ;  the 
heavens  appeared  all  on  fire ;  the  comet  occupied  the  fourth  part  of  the  sky,  and  its 
brilliancy  was  superior  to  that  of  the  Sun ;  it  took  4  hours  to  rise  and  4  to  set. — 
(Justinus,  De  Hittoricis  Fhilippicis,  xxzvii.  2.)  lliere  is  very  great  uncertainty 
about  this  comet  of  Mithridates,  but  Pingr^,  aft^  weighing  Ma-tuoan-lin's  account, 
considered  that  134  was  certainly  the  year.  He  also  says  that  probably  it  appeared 
in  the  W.  in  the  middle  of  July ;  before  the  end  of  August  it  would  have  been  lost 
for  a  few  days  in  the  Sun's  rays,  when  probably  the  Perihelion  Passage  took  place ; 
it  would  then  have  re-appeared  with  increased  brilliancy  early  in  September  in  the 
K  (for  30  days?),  and  so  have  passed  away  from  the  Sun. — (Camdt.  i.  370,  578.) 
Ma-tuoau-lin  (Williams*  6)  would  have  us  consider  the  comet  of  September  134  to 
be  different  frt)m  the  comet  of  July  134,  but  this  does  not  at  all  follow. 

[46.]  127.  A  burning  torch  appeared  in  the  heavens. — (Julius  Obsequens,  Prodig. 
Suppl.y 

[47.]  110.  In  the  spring  in  China  a  comet  was  seen  in  the  £. — (De  Mailla,  iii. 
46.) 

[48.]  118.  When  Mithridates  ascended  the  throne  there  appeared  during  70  days 
a  comet  exactly  resembling  that  which  was  seen  at  the  birUi  of  that  monarch. — 
(Justinus,  De  SistoricU  PkilippicU,  xxxvii.  2.)  It  came  frvmi  the  N.  W.  in  May.— 
(Ma-tuoan-liu ;  Williams,  6.) 

[49.]  100  (i).  In  June  a  comet  was  seen  in  the  feet  of  Gemini. — (Ma-tnoan-lin ; 
De  Midlla,  iii.  61.) 

[50.]  100  (ii).  This  comet  appeared  contemporaneously  with  the  preceding :  it  was 
in  Ursa  Major,  near  «,  X,  (. — (Ma-tuoan-lin ;  De  Mailla,  iii.  61.) 

[51.]  108.  A  comet  appeared  in  the  region  lying  between  Proqyon  (a  Ganis 
Minoris)  and  a  and  0  Gemin(n>am. — (Ma-tuoan*lin.)  Or  in  the  year  107;  place 
uncertain. — (Williams,  6.) 

[52.]  102.  +   A  comet  was  seen  in  China  near  7  Bootis. — (Ma-tooan-lin.) 

[53O  98.  A  torch  appeared  in  the  heavens. — (Julius  Obsequens,  Prodig.) 

[54.]  01.  A  torch  appeared  in  the  heavens. — (Julius  Obsequens,  Prodig,) 

[55.]  86.  In  August  a  comet  was  seen  in  the  E. — (De  Mailla,  iii.  98 ;  Williams, 
7  ;  Pliny,  Hist,  Nat,,  ii.  25.)  Pliny*s  is  merely  an  incidental  notice.  He  says  that 
comets  foretell  bloodshed,  and  gives  as  an  instance  the  one  which  appeared  daring 
the  consulate  of  Octavius. 

[56.]  88.  In  March  a  comet  was  seen  in  the  N.  W. — (De  Mailla,  iii.  loi ; 

WUliams,  7.) 

[57.]  76.  '*  In  the  consulate  of  Cn.  Octavius  and  C.  Scribonius  a  spark  was'  seen 
to  fall  from  a  star ;  it  grew  larger  as  it  approach^  the  Earth,  and  became  equal  in 
sixe  to  the  Moon,  and  gave  as  much  light  as  the  Sun  ffivee  during  the  day-time  when 
the  sky  is  entirely  covered.  On  retnming  into  the  heavens  it  took  the  form  of  a 
lampas  [torch,  one  of  Pliny*P  names  f»r  a  class  of  comets].** — (Pliny,  Hist,  Nat.,  ii. 
35.)  The  above  is  a  rather  obscure  explanation,  but  in  ringr^  es&nalion  a  comet 
^irly  meets  it.  In  May  a  bright  star  was  seen  in  the  sidereal  divisions  of  0  Andro- 
meds  and  0  Arietis.— (Williams,  7.) 
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[58.1  79.  Od  M«7  iov  earij  in  tlie  erenfng,  »  tafled  iter  appeuwd  to  tlie  W.  of 
ilM  •idenedi  diTuioB  of  a,  i9,  &e.  OriooiB.— ( Wflliaau,  7.) 


(¥ra 


9.]  71.  On  Angoti  20  »  oomet  uppeared  in  tlie  ndereal  divkion  of  a  Ckmteria, — 
illiamt,  8.) 


[te.]  09.  On  August  4  »  oomet  mppeared  in  the  siderMl  dirision  6i  a  C^mftcm;  H 
pewed  near  the  Moon. — (Williams,  8.)  Can  this  and  the  preTious  oooiei  be  one  and 
the  same! 


[61.]  68  (i).  In  January— February  a  oomet  was  seen  in  the  W. — (WOluunay  8.) 

[63.]  62.  A  burning  beam  stretched  from  the  western  horiaon  to  the  neinth.— 

S Julius  ObsequenSy  Prodig^  Torches  ran  from  tiie  W.  to  the  middle  of  tibe  aky. — 
Dion  Cassius,  Hitt,  Roman.,  xxzix.)  A  comet  appeared  in  the  E.  in  the  6th  moon. 
^(De  Mail1a»  iii.  i$6.)  Dion  Cassius's  allusion  is  yeiy  doubtful;  and  whaterer 
may  really  have  been  the  date  of  the  burning  beam,  it  is  believed  that  De  Mai]]»*s 
oomet  must  be  referred  to  61,  hie  dates  invariably  being  i  year  behind.  [But  aaa 
the  next  paragn^h.] 

[63.]  60.  In  July  a  comet  was  seen  in  the  £. — (Williams,  8.)  Perhi^  this  and 
De  Mailla's  comet  of  6a  or  61  are  identical. 

[64.1  66.  A  torch  appeared  which  advanced  from  the  S.  to  the  N. — (Dion  Oanini^ 
HUt.  boman.f  xzzix.) 

[65.1  62.  A  torch  appeared,  which  passed  from  the  S.  to  the  £. — (Dion  Oaniua, 
Hitt.  ioman.,  zl.) 

[66.]  48.  During  the  war  between  Caesar  and  Pompey  '*  a  comet,  that  tenible  star 
which  upsets  the  powers  of  the  Earth,  shewed  its  portentous  hair.** — (LncannSy 
Pharsaluit  i>  539O  In  April  a  long  comet  was  seen  near  $  Cassiopeiae ;  pamring  by  c 
in  that  constellation,  it  became  lost  in  the  circnmpolar  rc«rions.— (De  M*^"f^  iiL  155.) 
In  March  an  extraordinary  star  shewed  itself  about  9  to  the  N.  K  of  a,  3,  7,  9 
CasdopeisB :  it  was  10°  long,  and  pointed  to  the  W.  It  passed  by  r,  ^,  o,  w  Casdopeie, 
and  went  towards  the  '*  blue  palace  "  [circle  of  perpetual  apparition  at  34^  lat.  N.l— > 
(Biot.*) 

[67.]  47.*  In  April — May  an  extraordinary  star,  as  large  as  a  scourge,  was  seen : 
it  was  4°  or  so  to  the  £.  of  ft  Sagittarii. — (Biot.) 

[68.]  46.  In  June  an  extraordinary  star  was  seen  in  the  sidereal  division  of  the 
Pleiades,  5"^  £.  of  y  Persei.    Its  tail  was  ^  of  a  cubit  long.— (Biot* ;  Williams,  9.) 

[69.]  48  (i).  In  May — June  a  comet  was  seen  in  China,  whoee  R.  A.  was  the  same 
as  that  of  Orion. — (De  Mailla,  iii.  i6a.)  It  was  in  the  N.  £.,  and  its  tail,  which  was 
8  cubits  long,  and  afterwards  longer,  pointed  to  the  sidereal  division  of  a,  /3  Ononis. — 
(Williams,  9.) 

[70.]  48  (ii).  A  hairy  star  was  seen  for  7  days  under  the  Great  Bear  during  the 
celebration  of  the  sames  given  by  the  Emperor  Augrustus  in  honour  of  Venus.  It 
rose  at  about  5  in  uie  evening,  was  very  brilliant,  and  was  seen  in  all  parts  of  the 
Earth.  The  oonmion  people  supposed  uiat  the  star  indicated  the  admission  of  the 
soul  of  Julius  Caesar  into  the  raoiks  of  the  immortal  gods. — (Suetonius,  Vita  Julii 
C€B9ari»f  Ixxxvii.)  It  was  visible  therefore  from  Sept.  23  to  Sept.  29.  Dion  Cassius 
says,  that,  in  addition  to  the  oomet,  which  appeared  contemporaneously  with  the 
Emperor's  games,  tiiere  was  seen  a  burning  torch,  which  traversed  the  heavens  from 
E.  to  W. ;  and  also  an  unknown  star,  which  shone  for  many  days. — {HiH,  Soman, 
xlv.  17.)  Pingr^  thinks  that  the  "torch"  was  simply  a  meteor,  but  that  the 
'* unknown  star"  was  the  preceding  object  which  was  seen  in  China,  and  there 
recorded  as  a  comet. — Comit.  i.  278.) 

[71.]  42  and  44.  Previous  to  the  battle  of  Philippi  comets  appeared. — (Vligil, 
Oeorgica^  i.  488  ;  Manilius,  Attronomican,  i.  907.)    Perhaps  a  comet  in  each  year. 

[72.1  81.  A  torch  appeared  for  several  days. — (Dion  Cassius,  HiH,  Soman.,  1.) 
In  Fooruary  a  comet  60  or  70  cubits  (?  degrees)  long  was  seen  in  the  sidoeal 
division  of  a  Pegasi.— (De  MaUla,  iii.  178  ;  Ma-tuoan-lin ;  Williams,  9.) 
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[73*1  ^*  Before  Egypt  tnbmitted  to  Augmttui  there  Appeared  oomets.^Dion 
CassiuB,  HUt  Baman.,  U.)  LulnenitE  Bayi  that  a  comet  appeM«d  for  95  dayi  in  Libniy 
bat  he  gives  no  authority. 

[74.]  4.  In  March  a  comet  appeared  for  70  dayi  in  the  sidereal  division  of  a,  0,  ke, 
Caprioomi.— De  Mailla,  iii.  214 ;  Williami^  10.) 

[75.]  8  B.O.  In  April  or  May  a  comet  appeared  near  a  and  fi  Aquilae. — (De 
Mailla,  Ui.  214;  WiUiamB,  10.) 

[76.]  10  A.D.  Several  comets  visible  at  the  same  time. — Dion  Cassias,  HiH.  Soman,, 
Ivi.  34.)  Some  modem  cometographers  state  that  a  comet  appeared  in  Aries  for 
3  a  days. — (Lobienits.) 

[77.]  14.  Hairy  stars  of  the  colonr  of  blood.— (Dion  Cassias,  J3iM.  J2offiaii.,lvi.  29.) 
A  comet  was  seen  in  China  for  20  days,  either  at  the  end  of  13  or  the  beginning 
of  14.— (De  Mailla,  iH.  140 ;  Williams.  10.) 

[78.]  10.  A  comet  was  seen  in  China. — (Couplet.) 

[79.]  22.  In  November — December  a  comet  was  seen  for  5  days.  It  was  in  the 
sidereal  division  of  ic,  X  Hydrse,  and  moved  in  a  S.  £.  direction. — (De  Mailla,  ill.  251 ; 
Ma-tuoan-lin ;  Williams,  11.) 

[80.]  80.  On  March  13  a  comet  became  visible  in  the  Pleiades ;  it  moved  in  a 
N.  W.  direction  towards  a,  fi  and  X,  /a  Pegasi,  and  remained  in  sight  for  40  days.— 
(De  MaiUa,  iii.  326  ;  Ma>taoan4in ;  Williams,  11.) 

[81.1  64.  In  the  autumn  (?)  a  comet  appeared  for  a  long  time.  It  was  first  seen 
in  the  N. ;  it  moved  to  the  zenith,  and  thence  Eastwards,  and  day  by  day  diminished 
in  brilliancy. — Dion  Cassius,  Hist,  Baman,,  Iz.  35 ;  Suetonius,  Vita  Ctaudii.)  It 
i^peared  in  the  circumpolar  regions. — (De  Mailla,  iii.  345.)  Probably  De  MMlla*s 
reference  is  to  the  next  comet. 

[82.]  55  (i).  On  June  4  a  comet  appeared ;  the  planet  Mercury  was  about  20^  in 
the  E.  part  of  the  sidereal  division  7,  c,  8co.  Greminorum.  The  comet 'pointed  to 
the  S.  £.,  was  bright,  and  10  cubits  long.  It  went  to  the  N.  E.,  passing  above 
the  W.  boundary  of  the  circle  of  per^ual  apparition.  It  lasted  31  days. — 
(Williams,  11.) 

[83.1  56  (ii).  In  November  a  comet  appeared  which  remained  visible  for  16  weeks, 
or  tiU  March  56.  When  first  seen  it  was  2°  long,  and  was  then  moving  towards 
the  S.  W.    It  disappeu^  on  March  26,  6''  N.  K  of  y,  d,  tf,  $  CancrL— (Gktubil ; 

Biot.») 

[84.]  60.  On  Aug.  9  a  comet,  with  a  tail  a  cubits  long,  appeared  to  the  N.  of 
Vi  ft  ^»  ^  Persei.  It  remained  visible  for  19  weeks  or  more,  and,  passing  South- 
wards,  disappeared  S.  of  the  feet  of  Virgo. — CukcituSy  AnnaUi,  ziv.  22 ;  De  Builla,  iii. 
352;  Ma-tuoan-lin ;  Williams,  11.) 

[85.]  61.  On  Sept.  27  astrange  star  was  detected  to  the  N.  W.  of  />,  d  Bodtis,  with 
a  tail  pointing  towards  Corona  BoreaUs.  After  17  days  it  quitted  this  position,  but 
we  are  not  told  whither  it  went.  It  was  visible  for  10  weeks  altooether. — (Matuoan- 
lin ;  Biot*;  Seneca,  QuiBsi.  Nat,,  vii  28  ;  Williams,  12.)  It  U  uncertain  whether 
the  comet  seen  in  China  is  the  same  as  th*t  spoken  of  by  Seneca, 

[86.]  64  (i).  On  May  3  an  extraordinary  star,  with  a  vapour  2^  long;  was  seen  to 
the  S.  of  17  Yirginis ;  it  lasted  11  weeks.— (Gaubil ;  Biot*) 

[87.]  64.  (ii).  At  the  end  of  the  year,  in  the  reign  of  Nero,  a  comet  appeared  for 
6  months.  It  passed  from  the  N.  through  the  W.  to  the  S. — (Seneca,  Quail.  Not,, 
vii.  21,  29  ;  Tao.,  Ann.,  zv.  47  ;  Suetonius,  Vita  Neronis.) 

[87.]  66.  On  June  4  a  great  star  was  observed  in  the  sidereal  divisions  of  d  and  r 
Hydne;  it  approached  near  a  and  7  Leonis,  and  passing  a,  7,  d  Persei  arrived 
in  the  vicinitv  of  fi  Leonis.  The  vapour  extended  to  1  and  k  Ursss  Majoris ;  it 
remained  visible  8  weeks. — (Bia-tuoan-Un ;  Williams,  12.) 

[89.]  60.  Sometime  between  AjprU  and  December  a  oomet  appeared. — (Dion 
Cassius,  Hist,  Roman,,  Ixv.  8.)  Possibly  this  may  be  the  object  referred  to  by 
Josephus  as  having  been  seen  suspended  over  Jerusalenn  before  ita  destruction  by 
Titus.— (-Befia  JudtBonm,  vi.  5.) 
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[90.]  70.  In  December  70  or  Jtaamry  71  »  strAiige  iter  appeerad  im  m^y,t,if,  { 
Leonii  for  7  weeki. — (Ganbil ;  Bioi.*) 

[91.]  71.  On  March  6  a  oomet  appeared  in  the  ridereal  diviskm  <»f  tlM  Pleiadea  ; 
after  8  weeks  it  was  seen  near  a,  y,  See.  Leooia,  and  ditappeared  to  the  rfeht  of 
the  sidereal  division  of  a  yii^nis.--(Gaubil ;  Blot*  ;  WilliauM,  la.) 

[92.1  75.  On  July  14  a  oomet  was  disoovwed  in  the  sidereal  dmaioii  of -a  Hjdr» ; 
its  tail  was  3  cabite  long.  Moving  to  the  S.  of  Coma  BerenJeia  it  pa— od  to  tlM 
vicinity  of  fi  Leoni8.~(I>e  Mailla,  iu.  375 ;  Williams,  1 3.) 

[93.]  76.  On  Aagust  9  a  comet,  with  a  tail  a  or  3  onbits  long,  waa  aeai  between 
a  Hezonlis  and  a  Ophiuchi,  whence  it  passed  to  the  sidereal  diviaioD  of  a  and  fi 
Capricomi.  It  remained  visible  for  6  weeks,  and  travelled  slowly.— (De  'M'^ni^^ 
ill.  376 ;  Ma-tuoan-lin  ;  Pliny,  Hist,  Nai.,  ii.  25  ;  Williams,  13.) 

[94.]  77.  On  Jan.  23  a  comet,  with  a  tail  8  or  9  cubits  long,  appeared  in  iJhe  B.  A. 
of  Aries,  whence  it  moved  towards  the  tail  of  Draco  and  the  N.  Pole.  It  remained 
visible  for  15  weeks. — (Ma-tuoan-lin;  Gaubil ;  Williams,  13.) 

[95.]  70.  In  the  spring  (?)  a  comet  was  visible  for  a  long  time  during  the  illaeis 
of  Vespasian^ — (Dion  Cassius,  Hist.  Baman.,  Izvi.  1 7  ;  Suetonius,  Vita  Kmp<uiamL) 

[96.]  84.  On  May  35  an  extraordinary  star,  3  cubits  long,  appeared  in  the  momiitf 
in  Uie  Eastern  heavens.  It  was  in  the  8th  degree  of  the  sidereal  diviidoB  of  |? 
Soorpii.  It  traversed  v,  £,  o,  w  Cassiopeia  into  vie  eirole  of  perpetual  ^ipaxitioa, 
remaining  visible  for  6  weeks. — (Blot* ;  Williams,  13.)  Williams  plaoea  the 
in  the  8th  degree  of  the  division  of  a  Mubob.  These  two  divisions  are  in  the  01 
Chinese  represented  by  words  of  nearly  identical  Bound  :  hence  the  uncertainty. 

[97.]  102.  On  the  evening  of  Jan.  7,  a  greenish  white  vapour,  30  cubits  long^  was 
seen.    It  extended  from  t,  tc,  x*  <P  Eridani  towards  fi  Canis  Majoris,  and  waa 
for  10  days. — (Williami,  13  ) 

[98.]  104.*  On  June  10  a  new  star  appeared  in  the  circumpolar  regions ;  it 
to  the  Pleiades,  and  vamshed  in  the  next  moon. — (Biot.) 

[99.3  108.*  On  July  25  an  extraordinary  star  appeared  in  Ursa  Major,  with  » 
tail  2°  long,  which  extended  in  a  S.W.  direction  towards  k  and  i  of  that  constellation. 
—(Biot.) 

[100.]  110.  In  January  a  comet  rose  to  the  S.  W.  of  7,  8,  c  and  C  Eridani.  It  had 
a  bluish  tail,  6  or  7  cubits  long*  pointing  to  the  N.  E.,  in  which  direction  (?)  it  moved. 
— (Ma-tuoan-lin ;  Williams,  14.) 

[loi.]  116.  On  Nov.  16  an  extraordinary  star  appeared  in  the  W.  On  the  aist  it 
was  to  the  S.  of  ^  and  a  Aquarii,  and  afterwards  moved  to  Musca  and  the  Pleiadea. — 
(Biol*)  Gaubil  erronously  refers  this  comet  to  11 7.-^ Hind,  Companion  to  <iU 
Almanac,  1859,  p.  12.)   Pingr^,  following  Gaubil,  reads  **  fi  Aquarii  and  a  EqnoleL" 

[102.]  182.  On  January  29  a  strange  star,  with  a  tail  2^  long,  pointing  towards 
the  8.W.,  was  observed.  Its  R  A.  was  6°  greater  than  that  of  fi  Capricomi ;  it  was 
also  seen  near  d,  K  <P  Sagittarii,  and  moved  near  fi  Aqnaiii,  a  Equulei,  and  a 
Aquarii,  towards  c  and  $  Pegasi. — (Ma-tuoan-lin  ;  Biot  * ;  Williams,  14.)  This 
comet  was  seen  in  Europe  in  the  time  of  Adrian,  whose  courtiers  told  him  that  the. 
soul  of  Antinous  had  been  clumged  into  a  new  star. — (Dion  Cassius,  Hitt.  Romam., 
bdx.)    Williams's  date  is  131  (no  month),  and  lus  places  less  precise. 

[103.]  183.*  On  February  8  an  extraordinary  star,  with  a  vapour  50°  long  and  a® 
broad,  was  seen  to  the  S.W.  of  7,  8,  f,  &c.  Eridani.— (Biot.) 

[104.]  140.  On  Oct  19  a  oomet,  with  a  tail  5  cubits  long,  was  observed  in  the 
head  of  Hercules ;  it  was  only  seen  for  3  days.— (De  Mailla,  iii.  441 ;  Williams,  15.) 
Gaubil  dates  its  appearance  for  148,  and  Ma-tuoan-lin  for  147,  but  it  can  be  shown 
by  an  extraneous  circumstance  that  149  was  really  the  year. 

[105.]  161  (i).  In  February — March  a  comet  was  seen  near  a  Soorpii. — (De  Mailla, 

iii.  459) 

[106.]  161  (ii).  On  June  14  an  extraordinary  star  appeared  in  the  ndereal  division 
of  a  Pegasi.  It  remained  nearly  stationary  for  some  tmie,  and  then  retrograded ;  and 
when  it  reached  the  R.  A.  of  14]*^  it  threw  out  a  tail  5  cubits  long.— (Ma-tuoan-lin  ; 
Williams,  15.) 
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[107.]  180  (i).  In  Aag. — Sept  »  oomet  wm  diaoovered  near  i,  ir,  X,  ii,  y,  ^  Urse 
Majorifl.    It  moved  £.  to  the  tail  of  Leo,  and  lasted  3  weeks. — (Ma-taoan-lin.) 

[108.]  180  (ii).  A  comet  waa  visible  in  the  winter  of  180--1  for  a  or  3  months.  It 
came  Irom  the  £.  of  Sirius,  and  moved  towards  le,  v,  X  Hydra,  where  it  vanished. — 
(De  MaiUa,  iii.  506 ;  Ma-taoan-lin ;  Williams,  16.) 

[109.]  182  (i).  In  Febraary,  March,  or  April,  a  comet  was  seen  near  8  An- 
dromede.  It  tended  towards  the  £.,  and  entered  the  circle  of  perpetual  apparition, 
bat  left  it  again  afier  3  days.    It  was  visible  for  nearly  9  weeks. — (Ma-tooan-lin.) 

[no.]  182  (ii).  In  Aaga8t--September  a  comet  appeared  near  1  and  ic  Urssd 
Majorisy  which  was  also  seen  in  the  vicinity  of  fi  Leonis. — (De  Mailla,  iii.  507 ; 
Mar-taoan-lin ;  Williams,  16.) 

[in.]  188  (i).  In  March — April  a  comet  was  observed  in  the  sidereal  division  of 
fi  Andromedse.  It  went  the  contrary  way  and  became  circompolar,  and  Luted  abont 
8  weeks. — (De  Mailla,  iii.  520;  Williams,  17.) 

[11  a.]  188  (ii).  On  July  29  an  extraordinary  star  appeared  in  Corona  Borealis;  it 
moved  to  the  S.W.  to  a  Herculis  and  a  Ophiuchi.  It  disappeared  in  the  division  of 
fj?  Scorpii. — (Williams,  17.)     Biot  dates  this  comet  for  June  30,  i8a. 

[113.]  100.  +  Daring  the  reign  of  Commodos  a  hairy  star  was  seen. — {JES^vm 
Lampridias ;  Herodianus,  Hutoria,  i.)    No  more  exact  date  can  be  assigned, 

[114.]  102.  In  September — October  (or  October — November)  a  grand  comet  100 
cubits  long  was  seen  to  the  S.  of  the  sidereal  divisions  of  a  and  «  Virginis. — (Ms^ 
taoan-lin.;  Williams,  17.) 

[115.]  108.  In  November — December  a  comet  was  seen  near  a  and  (  Virginis, 
moving  towards  the  N.  E.  On  arriving  in  the  region  near  a  Herculis  a^  a 
Ophiuchi  it  disappeared. — (Ma-tuoan-lin ;  Williams,  18.)  Another  authority  places 
it  near  a  Herculis,  &c.  at  its  discovery. — (De  Mailla,  iii.  363.) 

[116.]  200.  On  Nov.  7  a  comet  was  observed  near  8  Serpentis. — (De  Mailla,  iv. 
35;  M*-tuoan-lin;  Williams,  18.) 

[117.]  204.  In  November — December  a  comet  appeared  in  the  sidereal  division  of 
/A  Geminorum,  which  passed  by  0,  7,  8  Cancri,  a,  7  Leonis,  to  the  region  lying  around 
0  Leonis. — (De  Mailla,  iv.  40 ;  Ma-tuoan-lin ;  Dion  Cassius,  HiH,  Soman.,  Ixxv. 
16;  Williams,  18.) 

[118.]  206.  In  February  a  comet  was  observed  in  the  square  of  Ursa  Major: 
the  tail  extended  over  the  whole  of  the  drele  of  popetual  apparition :  it  reached  t6 
Ursa  Minor. — (De  Mailla,  iv.  43 ;  Ma-tuoan-lin  ;  Williams,  18.) 

[119.]  207.  On  Nov.  10  a  comet  appeared  in  the  sign  of  Leo  (or  Vbgo). — (Ma- 
tuoan-lin  ;  Coaplet;  Williams,  18.)  De  Mailla  assigns  this  comet  to  the  previous 
year. — {RUt.  Gin,,  iv.  45.) 

[i  ao.]  218.  In  January — February  a  comet  appeared  near  9,  v,  ^  G(eminomm« — 
(De  MaUla,  iv.  63  ;  Williams,  19.) 

[lai.]  222.  On  Nov.  4  a  new  star  was  observed  between  fi  Viiginis  and  a  Leonis^ 
— (Gaubil.)  It  is  unoertidn  whether  this  was  a  comet  or  a  temporary  star.  Either 
will  accord  with  the  description.  Between  17  and  7  Virginis.— (Biot*;  Williams, 
ao.) 

[laa.]  226.  On  Deo.  9  a  comet  was  disoovered  near  m  Leonis;  it  passed  by  a,  7 
Leonis. — (Ma-tuoan-lin ;  Williams,  ao.) 

[133.]  882.  On  Dec.  4  a  comet  was  seen  near  9  Leonis.  It  approached  fi  Leonis. 
— (Ma-tuoanlin.)    Near  7  Viiginis.— (Williams,  ao.) 

[ia4.]  286  (i).  On  Nov.  30  a  comet,  with  a  tall  3  cubits  long,  was  seen  near 
a  Scorpii ;  on  Deo.  i  it  (or  another  comet)  was  veen  in  the  E. — (M*-taoan-lin;  GftubD ; 
Williams,  ao.) 

[laf.]  286  (ii).  On  Dec.  15  a  comet  was  seen;  it  approached  «,/ Ophiuchi  and 
#,  (  Herculis. — (Ma-tuoan-lin ;  GanbiL)  Williams  treats  this  oomet  and  the  pre- 
ceding as  one,  and  it  appears  probable  that  such  was  the  case. 
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[126.]  S88  (!)•  ^  September  m  eomei,  with  m  tafl  3  eobiti  long,  was  diwofverad  in 
tlie  sidereal  diioeioii  ot  k,X  Hjdne ;  it  moved  eMtwards  (?),  and  dimmwunil  m  6 
week!.— (GMbil;  Mi^-tiuMUi-lin ;  WilliAmi,  ai.) 

[i  37.]  288  (ii).  An  extnordiiiAiy  itur  wm  vinbla  from  Nor.  ag  to  Dee.  15.  On 
the  former  daj  it  wm  between  w  Cjgoi,  m  Andromedn^  and  X,  ft  (or  r,  »)  Pegaai.  On 
Dec  10  it  peaeed  near  h,  g  Tauri  Poniatowakii  and  y  Opfaindd.— (Ganbtl ;  Kot* ; 
¥nniama,  ai.) 

[taS.]  S46.     On  Sept.  18  a  oomet,  witb  a  tail  a  eubiti  loi^  appeared  in  the 
diTiuon  of  a  Hjdne ;  it  moved  towards  the  division  of  »  fiydne ;  it 
visible  for  3  wedcs. — (Gaabil ;  Ma-tnoan-Un ;  Williams,  ai.) 


[lao.]  247.  On  Jan.  16  a  comet,  with  a  tail  i  cubit  long,  was  obeerved  :  it  had  the 
■ame  B.A.  as  Corvos,  and  was  virible  for  56  days. — (Ma-tnoan-lin.)  One  aathority 
states  that  the  comet  was  visible  for  156  days. — (Williams,  a  a.) 

[130.]  248  (i).  In  April — May  a  oomet  was  seen  in  the  Pleiadea.  Ite  tail  was 
6  caUts  long,  and  extended  towards  the  S.  W. — (Ma-taoan-lin.) 

[131.]  248  (ii).  In  August  a  oomet  appeared  in  the  sidereal  division  of  a  Grateris ;  it 
moved  towards  Ihat  of  7  Corvi.  The  tail  was  2°  long,  and  the  oomet  remained 
visible  for  6  weeks. — (Ma-tuoan-lin.)  Williams  (p.  aa)  treats  the  two  preceding 
comets  as  one. 

[13a.]  251.  On  Dec  ai  a  comet  appeared  in  the  sidereal  division  of  a  and  fi 
Peffasi.  It  moved  westwards,  and  <usappeared  after  13  weeks. — (Ma-tnoaa-lin ; 
WUliams,  a  a.) 

[133.]  252.  On  March  2$  a  oomet  was  observed  in  the  sidereal  division  of  Moaoa, 
with  a  tail  50  or  60  cubits  stretching  towards  the  S.  in  the  direction  of  the  croes  of 
Orion  (d,  f ,  Sec.),  The  comet  was  seen  for  3  weeks. — (Gaubil ;  M»>taoan-lin ; 
(Williams,  a  a.) 

[134.]  258.  In  December  a  comet  appeared  near  tj  Virginis,  7,  8,  c  Corvi,  and 
afterwards  near  fi  Leonis.  The  tail  pointed  to  the  S.  W.,  and  was  fifW  cubits  long. 
It  remained  visible  for  6  months. — (Ma-tuoan-lin ;  Williams,  a  a.)  Hind  remaiks 
that  probably  the  comet*8  motion  was  retrograde,  and  that  therefore  it  receded  from 
the  Sun*8  place  towards  the  W. ;  also  that  its  paUi  was  no  doubt  more  extensive  than 
Ma-tnoan-lin  has  set  down. — {Companion  to  the  Almanac,  1859,  P*  '9*) 

[135.]  264.  In  December  a  vapour  emerged  from  near  8  Sagittarii.  Its  length  is 
stated  to  have  been  very  great.— (Ma-tuoan-lin.)  Pingr^  seems  to  donbt  whether 
this  was  a  comet  or  not. 

J  36.]  256.  In  January — February  a  comet  was  seen  near  c,  {  Aqniln,  to  the 
near  the  horicon. — (Ma-tuoan-lin ;  Williams,  a3.) 

[137.]  257.  In  November  or  December  a  white  comet  was  seen  in  the  sidereal 
division  of  a  Virginis. — (Ma-tuoan-lin ;  Williams,  a  3.) 

[138.]  260.  On  November  a3  a  strange  star  was  seen  near  0  Leonis.  It  moved 
towards  the  S.  £.,  traversed  the  division  of  7  Corvi,  and  disappeared  in  a  week.— 
(Biot* ;  Williams,  a3.) 

[139.]  262.  On  Dec  a  a  comet,  with  a  tail  50°  long,  appeared  in  the  sidereal 
division  of  ir,  c  Virginis.    It  moved  towards  the  N.,  and  was  visible  for  6  wedu.— 

! Gaubil.)  Ma-tuoan-lin  says  that  its  tail  was  only  5  tsun  (/o  of  a  cubit)  long.^ 
WUUams,  a3.) 

[140.]  265.  In  June  a  oomet  was  seen  near  a,  fi,  ij  Cassiopeie.  Its  tail  was  10 
cubits  long,  and  pointed  to  the  S.E.,  and  after  la  days  it  disapp^red. — (Ma-tooan- 
Un;  Williams,  a3.) 

(141.]  268.  On  Feb.  18  a  comet  was  seen  in  the  sidereal  division  of  fi  Oorvi  It 
advanced  to  the  N.W.,  and  subsequently  turned  towards  the  £.  (Ma-tuoan-lin ; 
Williams,  a4) ;  which  remark  probably  has  reference  only  to  the  tail. — (Hind.) 

[14a.]  208.  In  October— November  a  comet  was  seen  within  the  drde  of  peipetnal 
i^iparition.— (De  Mailla,  iv.  148.) 
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[143.]  276.  In  January — February  a  comet  was  discovered  in  the  sidereal  division 
of  /3  Corvi. — (Ma-tuoan-lin ;  Williams,  24.) 

[144.]  276.  A  comet  was  visible  from  June  23  to  September.  It  moved  from  the 
aidereal  division  of  a  Librae,  bj  a  Bootis  to  fi  Leonis,  and  passing  through  the 
sidereal  division  of  a  Cntteris,  attained  to  the  square  of  Ursa  Major  and  (,  «,  kj  /a 
Urse  Majoris. — (Ma-tuoan-lin ;  Williams,  24.)  Hind  suggests  tnat  the  Chinese 
account  may  fairly  be  considered  as  applying  to  the  motion  of  the  head  (which  was 
therefore  retrograde)  and  the  direction  of  the  tail  of  0110  comet,  though  Ma-tuoan-lin 
states  that  there  were  three.  **  If  Ma-tuoan-lin  had  been  more  precise  in  his  dates, 
we  might  have  approximated  to  the  elements  of  the  real  orbit.** — {Companion  to  the 
Almanact  1859,  p.  20.) 

[145.]  277  (i).  Ma-tnoan-lin  (Williams,  24)  says  that  in  January — February  there 
was  a  comet  in  the  W.,  and  in  April — May  another  in  the  sidereal  division  of 
Musca,  which  two  are  probably  identical.— (lUnd,  Companion  to  the  Almanac^  1859, 

p.  20.) 

[146.]  277  (ii).  Ma-tuoan-lin  (Williams,  24)  states  that  in  May — June  there  was 
a  comet  near  v  Leonis,  and  another  in  June--July  in  the  £•  ;  whilst  De  Mailla  (iv. 
162)  speaks  of  a  third  within  the  circle  of  perpetual  apparition  in  August— September. 
Hind  thinks  that  these  three  may  easily  have  been  but  one. — (^Companion  to  the 
Almanac,  1859,  p.  20.)  Pingr^  points  out  that  the  New  Moon  fell  nearly  at  the 
time  of  the  equinox,  a  circumstance  which  may  have  produced  an  error  of  one  month 
in  the  Chinese  dates. 

[i  47.]  278.  In  May— June  a  very  large  comet  appeared  in  Gemini.  It  lasted  till 
the  end  of  the  year,  or  for  8  months  (?). — (Ma-tuoanlin  ;  Gaubil.) 

[148.]  279.  In  April  a  comet  was  seen  in  the  sidereal  division  of  8,  c  Hydre;  in 
May  another  (?  the  same)  near  v  Leonis.  In  July — August  it  was  within  the  drole 
of  perpetual  apparition. — (Ma-tuoan-lin  i  Williams,  25.) 

[149.]  281  (i).  In  September  a  comet  appeared  in  the  sidereal  division  of  ir,  v,  \ 
Hydne. — (Ma-tuoan-lin;  Williams,  25.) 

[150.]  281  (ii).  In  December  a  comet  appeared  near  7  Leonis. — (Ma-tuoan-lin; 
Williamn,  25.)  This  might  be  the  same  as  the  preceding,  and  Hind  appears  to 
favour  this  view  of  the  matter. 

[151.]  283.  On  April  22a  comet  was  seen  in  the  S.W. — (Ma-tuoan-lin ;  Williams^ 
25.) 

[152.]  287.  In  September  a  comet  appeared  in  the  sidereal  division  of  ^  Saffittarii 
for  10  days.)     Its  tail  was  10  tchang  (100  cubits  ?)  long. — (Ma-tuoan-lin ;  Wuliamiy 

35-) 

[i  .'>30  301  (i).  In  January  a  comet  emerged  to  the  W.  of  /3  Caprioomi,  with  a  tail 
pointing  towards  the  W. —  (Ma-tuoan-lin;  Williams,  26.) 

[154.]  301  (ii).  In  April— May  a  comet  was  seen  near  either  e»  Caprioomi  or 
1 10  Herculis.— (Ma-tuoan-lin ;  Pingr^.)     Near  H  Heroulis. — (Williams,  26.) 

[155-]  302.  In  May — June  a  oomet  was  visible  in  the  morning. — (Ma-tnoan-lin; 
Williams,  26.) 

[  1 56.]  803.  In  April  a  oomet  was  seen  in  the  Eastern  heavens,  pointing  towards 
I,  «,  A,  /i  Urse  Majoris. — (Ma-tuoan-lin  ;  Williams,  27.) 

[157.]  305  (i).  In  September — October  a  comet  was  seen  in  the  sidereal  division 
of  the  Pleiades. — (Ma-tuoan-lin;  Williams,  27.)  Under  the  same  date  De  Mailla 
places  a  comet  near  the  Pole. — {Uitt  &in,,  iv.  248.)  This  is  probably  the  oomet  of 
Ma-tuoan-lin. 

[158.]  305  Ji).  On  Nov.  22  a  oomet  was  seen  in  the  square  of  Ursa  Maior,  near 
7  of  that  constellation. — (Ma-tuoan-lin;  Williams,  27.)  Hind  identifies  this  wiUi 
the  preceding,  but  not  so  Pingr^. 

[159.]  320.  In  August — September  a  oomet  appeared  in  the  N.W.  It  entered  the 
sidereal  division  of  ^,  8  Sagittarii,  and  was  visible  for  3  weeks,— (Ma-tuoan-lin ; 
Wiiranis,  27.) 
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[160.]  336.  On  Feb.  16  in  the  evening  a  comet  was  seen  in  the  W.  in  the  sidereal 
division  of  ^  Andromedse. — (De  Mailla,  iv.  349 ;  Williams,  37.)  In  Knrope  a  comet 
of  extraordinary  magnitude  was  seen  for  several  days  a  year  or  more  before  the 
death  of  Ck>nstantine,  which  happened  on  May  22,  337. — (Eutropios,  HiHoria 
Itomann,  x.  8.)  Pingr^  and  Hind  agree  in  considering  these  2  comets' as  one,  in  which 
case  possibly  it  was'  visible  for  2  or  3  months. 

[161.]  340.  On  March  5  or  25  a  comet  was  seen  in  the  vicinity  of  fi  T<eonis. — 
(Ma-tuoan4in ;  De  Mailla,  iv.  363  ;  Williams,  28.) 

[162.]  343.  On  Dec.  8  a  comet  was  seen ;  its  K. A.  exceeded  that  of  le  Virginis  by 
7°. — ;Ganbil.)  Williams  (p.  28)  simply  says  that  it  was  in  the  sidereal  division  oJT 
K  Virginis,  and  was  7  cubits  long. 

[163.]  340.  On  November  23  a  comet,  with  a  tail  10  cubits  long,  and  extending 
Westwards,  was  discovered  in  the  sidereal  division  of  te  Virginis.  On  Feb.  13,  350, 
it  was  still  yisible,  and  in  the  same  sidereal  division. — (Gaubil ;  Ma-tuoan-Un ; 
Waiiams,  28.) 

[164.]  358.  On  July  i  or  12  a  comet  was  seen  in  the  sidereal  division  of  Mosca, 
near  7,  tj  Persei. — (Williams,  28.) 

[165.3  ^®^*  ^^  August — September  a  comet  appeared  in  the  sidereal  divisions  of 
a  and  le  Virginis;  it  subsequently  passed  to  near  a  Hercnlis  and  a  Ophiuci. — 
(De  Mailla,  iv.  413;  Williams,  28.^  During  the  reign  of  Jovian,  or  towards  the 
end  of  the  year,  comets  are  said  to  nave  been  visible  in  the  daytime. — (Ammianos 
Marcellinus,  Rerum  Gestarum,  xxv.) 

[166.]  373  ^i).  On  March  9  a  comet  appeared.  It  traversed  the  following  sidereal 
divisions,  t.  e.  its  R.A.  succesRively  coincided  with  the  following  stars  : — c  Aqnarii, 
/3  Aquarii,  a  Librse  (April  7),  a  Virginis,  m  Virginis,  7  Corvi,  a  Crateris,  and  v 
Hydrffi. — (Ma-tuoan-lin ;  Williams,  39.)  It  is  not  impossible  however  that  the  comet 
traversed  the  above  constellations f  in  which  case  the  inclination  of  its  oibit  most  have 
been  very  small. 

[167.]  378  (ii).  On  Oct.  34  a  comet  appeared  near  a  Herculis  and  a  Ophinehi. — 
(Matuoan-lin.)  Hind  thinks  that  this  was  probably  Ualleys  comety  which  may  have 
arrived  at  perihelion  during  the  first  week  of  November. — {Companion  to  ike 
AlmanaOt  1859,  p.  33.)  Williams  (p.  39)  identifies  this  comet  with  the  preceding, 
which  is  not  a  probable  supposition.     For  Oct.  24  he  gives  Sept.  25. 

<  [168.]  374.  In  January — February  a  comet  was  visible  in  the  sidereal  division  of 
IJ?  Scorpii  and  7  Sagittarii. — (De  Mailla,  iv.  437 ;  Ma-tuoan-lin.)  This  position 
would  also  apply  to  Halley*s  comet  at  this  epoch,  so  that  it  is  uncertain  whether  this 
comet  or  the  preceding  one  was  that  body. — (Hind.)  Hind  appears  to  give  the 
preference  to  the  latter.  Compare  his  memoir  in  Month.  Not.^  vol.  x.  p.  57.  Jan. 
1850.     Williams  (p.  29)  identifies  this  comet  with  373  (i). 

[169.]  376.  A  few  days  before  the  death  of  Valentinian,  which  occurred  on  Nov.  1 7, 
comets  were  observed. — (Ammianus  Marcellinus,  Rerum  Oestarum^  xxx.) 

[170.]  380.  In  August  (probably)  a  splendid  comet  appeared.  It  rose  in  the  N., 
at  the  hour  of  cock-crowing.  Resembling  the  morning  star,  it  burned  rather  than 
shone,  and  ceased  to  exist  in  4  weeks. — (Marcellinus,  Chronicon.)  It  appeared  in 
the  zodiacal  region,  but  moving  apparently  on  the  left  of  the  spectators,  and  rising 
and  setting  with  the  morning  star,  it  gradually  advanced  to  Ursa  Major  and  Minor. 
It  lasted  for  about  6  weeks,  and  vanished  near  the  centre  of  the  former  constellation. — 
(Philoetorgius,  Epitome  Sistoria  Eccle^iaMtictE^  x.  9 ;  Nicephoras,  Eistoria  SccLen- 
asticUf  xii.  37.) 

[17 1.3  300.  On  Aug.  22  a  comet  was  seen  near  a  and  fi  Geminorum.  Passing  the 
vicinity  of /3  Leonis,  c,  «, X,  9,  and  <p  Ursae  Majoris,  it  entered  the  *' square"  of  that 
constellation  ;  on  Sept.  17  it  arrived  within  the  circle  of  perpetual  apparition  :  its 
tail  was  100  cubits  long. — (Ma-tuoan-lin ;  Williams,  29.)  It  lasted  4  weeks. — 
(Marcellinus,  Chronicon.)  It  is  certain  that  2  large  comets  appeared  in  2  sncoessive 
years,  and,  what  is  equally  remarkable,  that  they  both  followed  nearly  the  same  path 
from  the  zodiac  to  the  Pole ;  the  first,  seen,  or  at  leawt  ntcorded,  only  in  Europe  ;  the 
latter  seen  both  in  Europe  and  China.  Marcellinus  distinctly  records  tteo  comets. 
One  or  other  of  them  is  probably  the  **  new  star  "  recorded  by  Cuspianinus. 
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[172.]   302.  A  comet  appeared. — (Coaplet.) 

[173.]  305.  A  great  comet  appeared  in  Angust,  which  moved  from  c  Sagittarii 
towajrdii  /9  Aqtiarii  and  a  Equulei. — (De  Mailla,  iv.  496.) 

[174.]  400.  On  March  19  a  comet,  30°  long,  appeared  in  the  iidereal  division  of 
B  Andromeds.  It  roBe  to  «»  v,  ^  Cassiopeis,  and  stopped  to  the  W.  of  the  circle 
of  perpetual  apparition ;  it  entered  the  square  of  Ursa  Major,  and  arrived  near 
¥,  (t  X,  ft,  I,  K.  In  the  next  moon  (commencing  April  11)  it  passed  by  /9  Leonis 
to  0  and  17  Virginis. — (,Ma-tuoan-lin ;  Williams,  30.)  Gaubil  adds  that  the  comet 
passed  very  near  x  Urpie  Majoris.  The  most  terrible  comet  on  record.  Its  form  was 
that  of  a  sword. — (Socrates  Scholasticus,  BUtoria  EccUtutstictt^  vi.  6.) 

[175.]  401.  On  January  2  a  comet  appeared  in  Corona  Borealis  and  near  a 
Herculis  and  a,  3,  c,  &c.  Cygni. — (De  Mailla,  iv.  519  ;  Williams,  30.) 

[176.1  402-3.  In  November — December  an  extraordinary  star  appeared  to  the 
W.  of  the  region  lying  around  &  Leonis  ;  two  moons  later  it  was  nearer  that  star. — 
(Biot*  ;  Williams,  31.)  *'  It  first  appeared  in  the  E.  towards  that  part  of  the  heavens 
where  Cepheus  and  Cassiopeia  shine.  Passing  then  a  little  beyond  the  Great  Bear, 
it  overpowered  by  [the  brilliancy  of]  its  wandering  hair  the  beauty  of  the  stars 
of  that  constellation,  till  at  length  it  languished,  and  finally  dissipated  itself  in  a  very 
feeble  flame.** — (Claudianus,  De  Bello  Gefico,  xxvi.  28  et  $eq.) 

[177  and  178.]  415  or  416;  (i  and  ii).  On  June  24  two  comets  were  observed 
near  a  Herculis  and  a  Ophiuchi ;  passing  by  the  former  star  they  were  seen  in  the  N. 
of  the  sidereal  divisions  v  and  a  Scorpii. — (Ma-tuoan-lin ;  Williams,  31  and  35.) 
Probably  this  route  applies  to  only  one  of  the  comet<«.  From  another  Chinese 
Chronicle  it  appears  that  on  June  18,  416,  two  comets  were  visible.  It  is  most 
unlikely  that  in  2  consecutive  years  in  the  same  moon  and  on  the  same  day  of 
the  moon  [Chinese  reckoning]  2  pairs  of  comets  should  have  appeared,  so  (as  Pingr^ 
suggests)  pn>bably  there  was  only  i  pair,  one  or  the  other  of  the  2  historians  having 
accelerated  or  retarded  their  appearance  by  one  year. 

[179.]  418  (i).  On  June  24  a  comet  was  discovered  in  the  middle  of  the  square  of 
Ursa  Major. — (^Ma-tuoan-lin.)  "  Cette  com^te  diflere  necessairement  de  la  suivante.** 
—(Pingr^,  i.  599.) 

[]8o.]  418  (ii).  "  On  July  19,  towards  the  8th  hour  of  tlie  day,  the  Sun  was  so 
eclipse<l  that  even  the  stars  were  visible.  But  at  the  same  time  that  the  Sun  was 
thus  hid,  a  light,  in  the  form  of  a  cone,  was  seen  in  the  sky ;  some  ignorant  people 
called  it  a  comet,  but  in  this  light  we  saw  nothing  that  announced  a  comet,  for  it  was 
not  tenninated  by  a  tail :  it  resembled  the  flame  of  a  torch,  subsisting  by  itself 
without  any  star  for  its  base.  Its  movement  too  was  very  diflferent  from  that  of 
a  comet.  It  was  first  seen  to  the  E.  of  the  equinoxes ;  after  that,  having  passed 
thn)ugh  the  last  star  in  the  Bear's  tail  [probably  17  Urse  Majoris],  it  continued 
Hlowly  itH  journey  towards  the  W.  Having  thus  traversed  the  heavens,  it  at 
length  disappeared,  having  lasted  more  than  4  months.  It  first  appeared  about 
the  middle  of  the  summer,  and  remained  visible  until  nearly  the  end  of  autumn.** — 
( Philostorgius,  Epitome  HintoritB  Ecclesiastica,  xii.  8.)  lliis  description  has  been 
taken  by  some  to  apply  to  the  Zodiacal  Light.    (Boillot,  TraiU  d*A$1ronomie,  p.  257.) 

In  China  this  comet  was  seen  on  Sept.  15  in  Leo :  it  ruse  above  8  or  a  Leonis,  and 
passed  through  the  square  of  Ursa  Major,  the  circle  of  perpetual  apparition,  and 
near  i  and  k  (or  X  and  /i)  Urste  Majoris.  Its  t&il,  short  at  first,  increasd  to 
100  cubits  or  more. — (Ma-tuoan-lin  ;  Williams,  31.)  It  was  first  seen  near  8  Cygni, 
and  was  visible  for  1 1  weeks.— (De  Mailla,  iv.  590.)  Couplet  states  that  it 
appeared  in  November—  December.  If  for  appeared  we  could  read  disappeared, 
Couplet's  account  would  harmonise  with  those  of  the  other  obaervers. 

[181.]  410.  On  Feb.  17  a  comet  appeared  in  the  W.  of  the  region  lying  around 
0  Leonis. — (Ma-tuoan-lin;  Williams,  31.) 

[i8i.')  420  or  421.  In  May  a  comet  was  seen.— (Couplet.)  In  Europe  a  wonder- 
ful rign  appeareil  in  421.  (Proeperus  Tyronus,  Chrvnicon.)  Was  this  '*  sign  **  the 
comi't  of  the  Chinese  ' 
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[183.1  422  (i).  In  March  a  star  with  a  long  white  ray  appeared  for  10  tiights 
about  the  time  of  the  cock-crowing. — (Chronicon  Paschale.  Parisiis,  ]688.)  On 
March  16  it  wa?  in  the  sidereal  divisions  of  a  and  /9  Aquarii. — (Gaubil.)  Ma-tooan- 
lin  dates  its  appearance  for  March  3i. — (Williams,  32.) 

[184.1  422  (ii).  On  Dec.  17  a  comet  was  seen  near  a  and  0  Pegasi. — (Ma-tuoan- 
lin ;  Williams,  32.) 

[185  ]  423  (i).  On  Feb.  13  a  comet  was  seen  in  the  eastern  part  of  the  sidereal 
division  of  7  Pegaei. — (Ma-tuoan-lin ;  Williams,  32.)  A  comet  was  fireqaently  seen 
before  the  death  of  the  emperor  Uonorius. — (Marcellinus,  Chronicon.)  This  event 
happened  in  August. 

[186.]  423  (ii).  On  Oct.  15  a  comet  was  seen  in  the  sidereal  division  of  a  and  fi 
Librae. — (Ma-tuoan-lin ;  Williams,  32.)     Hind  gives  the  date  as  Deo.  14. 

[187.]  432.  A  comet  was  seen  near  a  and  7  Leonis;  passing  in  the  vicinity  of  fi 
Leonis,  it  disappeared  near  a  Bootis. — (Ma-tuoan-lin.)     No  moon  given. 

[188.3  436.  On  June  21a  comet  was  seen  near  v  Scorpii. — (Gaubil.) 

[189.]  442.  On  Nov.  i  a  comet  without  a  tail  was  seen  in  the  square  of  Ursa 
Major.  It  soon  threw  out  a  tail,  and  passing  $,  v  Ursa;  Majoris,  through  Aoriga, 
p  and  V  Tauri,  came  to  ir  Ceti  and  7,  d,  fi  Eridani.  It  disappeared  in  winter. — 
(Ma-tuoan>lin ;  Biot*;  Williams,  32.)  It  appeared  in  December,  and  remained 
visible  for  several  months. — Marcellinus,  Chronicon;  Idatius,  Chronicon,) 

[190.]  449.  A  comet  appeared  on  Nov.  11  in  the  vicinity  of  0  Leonis. — (Ma- 
tuoan-lin ;  Williams,  33.) 

[191.]  467.  A  comet  resembling  a  trumpet  was  seen  for  periods  of  from  10  to  40 
days  in  the  evening  sky. — {Chronicon  PtuchaUj  Theophanes,  Chronographia,  p.  99, 
Parisiis,  1655.) 

[192.]  499.  A  comet  appeared  previous  to  the  second  invasion  of  Illyria  by  the 
Bulgarians. — (Zonaras,  Annates^  ii.  56.     Parisiis,  1686.) 

['93']  601.  On  Feb.  13  a  tailed  star  appeared  in  the  horizon.  On  March  a  a 
grand  comet  was  visible. — (Ma-tuoan-lin.  Hind,  Companion  to  the  Alntanne^ 
i860,  p.  78.)  For  March  2,  Williams  (p.  33)  reads  April  14.  Probably  these  notes 
belong  to  one  and  the  same  object. 

[194.]  504.  A  great  and  brilliant  star,  with  along  ray,  appeared  about  the  time  of 
the  death  of  Ambrosius  Aurelius. — fGalfredus,  De  Origlneet  yeatis  Regum  BriiannicB, 
viii.  4.  HeidelbergiB,  1587.)  It  is  just  possible  that  this  description  may  refer 
to  the  preceding  comet.     Hind  seems  to  be  of  thid  opinion. 

[195.]  607.  On  Aug.  15  a  comet  was  seen  in  the  N.  E. — (Gaubil.) 

[196.]  619.  A  **  fearful  star,"  with  a  tail  turned  towards  the  W.,  was  seen  this 
year,  possibly  between  October  and  December. — (Theophanes,  Chronographia,  p.  142  ; 
Malala,  Historia  Chronica,  xvii.    Venetiis,  1733.) 

[197.]  520.  On  Oct.  7  a  comet,  bright  like  fire,  was  seen  in  the  E.  On  Nov.  30  it 
was  observed  in  the  morning.— (Gaubil.) 

[198.1  624.  A  star  was  seen  for  26  days  and  nights  '*  above  the  gate  of  the 
palace.'  — (Cedrenus,  Compendium  Historiaruniy  p.  365.     Parisiis,  1647.) 

[199.]  630  or  631.  A  great  comet  was  observed  in  Euz^pe  and  China,  but  accounts 
differ  as  to  the  year,  though  probably  it  was  531.  **  It  was  a  very  large  and  fearful 
comet,"  and  was  seen  in  the  W.  for  3  weeks.  Its  rays  extended  to  the  zenith. — 
(Theophanes,  Chronographia ,  p.  154;  Malala,  Jlistoria  Chronica,  xviii.)  it  was 
observed  [?  passed]  in  October  from  a  BoiHis  to  A,  /*  Urs«e  Majoris. — (De  Mailla,  v. 
299.)  Hind  thinks  that  this  was  HalUys  comet.  If  it  arrived  in  perihelion  at  the 
beginning  of  November  it  would  have  occupied  the  positions  given  by  the  historians, 
and,  in  any  case,  it  must  have  been  near  perihelion  at  this  time.  It  is  not  im- 
possible that  there  was  a  comet  in  each  of  the  above  years,  a  theory  which  might 
perhaps  remove  some  of  the  discrepancies  which  exist  on  the  assumption  that  there 
was  only  one. 
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[300.]  633.  On  March  x  a  great  star  appeared. — (Ma  tuoan-lin).  There  are  no 
farther  particulars,  go  it  is  uncertain  whether  this  was  a  comet  or  a  temporary  star 
(Hind).  Williams  (p.  33)  gives,  but  with  reserve,  the  date  as  January  6,  532.  He 
calls  the  object,  however,  a  tailed  star,  in  which  case  no  doubt  it  was  really  a  comet. 

[201.]  634.  A  comet  appeared  in  Leo  and  Virgo;  passing  v,  £  Ursse  Majoris,  it 
moved  to  the  square  of  Pegasus. — (Gaubil.) 

[203.]  666.  In  November  a  comet,  in  the  form  of  a  lance,  extended  from  E.  toW., 
or  from  N.  to  W. — (Malala,  HUtoria  Chronica,  xviii.)  Some  writers  date  this 
for  555. 

[203.]  660.  On  Oct.  4  a  comet,  with  a  tail  4  cubits  long,  pointing  towards  the 
S.  W.,  was  seen. — (Williams,  34  ;  Oaubil.) 

[204.]  663.  A  comet,  like  unto  a  sword,  was  seen  for  a  whole  year  [?  month].— 
(Gregorius  Turonensis,  Jlistoria  Francorum,  iv.) 

[305.]  666  (i).  On  April  31  a  comet  appeared. — (Ma-tuoan-lin.)  Williams  (p.  35) 
thinks  that  there  is  some  uncertainty  about  the  year. 

[306.]  668  (i).  On  July  so  a  very  brilliant  comet  was  seen  in  the  sidereal  division 
of  ft  Geminorum.  It  moved  towards  the  £.,  and  stopped  8  **feet''  [or  degrees?] 
N.  of  9,  17  Cancri  on  Aug.  18,  and  then  disappeared. — (Ma-tuoan-lin ;  Biot; 
Williams,  36). 

[307.]  676.  On  April  37  a  comet  was  seen  near  Arctnrus  (a  Bootis). — (Ma-tuoan- 
lin ;  Williams,  34.) 

[208.]  681.  On  Jan.  30  a  comet  appeared  in  the  S.  W. — (Ma-tuoan-lin.)  Williams 
(p.  35)  dates  this  comet  for  Jan.  36,  580. 

[309.]  682.  In  the  month  of  January  many  prodigies  were  seen.  A  comet 
appeared,  situate,  as  it  were,  in  a  sort  of  opening;  it  shone  in  the  midst  of  the 
darkness,  sparkled  and  spread  out  its  tail.  From  the  comet  a  ray  of  surprising 
magnitude  emanated,  which  appeared  like  the  smoke  of  a  conflagration  as  viewed  at 
a  distance.  The  comet  was  visible  in  the  W.  from  the  first  hour  of  the  night. — 
(Idatius,  Chronicony  vi.  14.) 

[310.]  684.  A  comet,  like  a  column  of  fire  suspended  in  the  air,  was  observed,  and 
a  great  star  appeared  above  it. — (Chronicon  Turonense.) 

[211.]  688.  On  Nov.  33  a  comet  appeared  near  fi  Capricomi. — (Ma- tuoan-lin ; 
Williams,  38.) 

[212.]  501.  A  comet  appeared  for  i  month. — (Bonfinius,  Rerum  Hungaricum,  I. 
viii.,  HanovisD,  1606.) 

[213.]  606.  On  Jan.  9  a  comet  was  visible  in  the  sidereal  division  of  fi  Aquarii. 
It  moved  through  the  sidereal  division  of  a  Aquarii  and  c  Pega^i,  towards  those  of 
3  Andromedap  and  &  Arietis. — (Gaubil;  Ma-tuoan-lin ;  Simocatta,  l/i«/orta,  vii., 
Parisiis,  1647.)     Williams  Cp.  38)  dates  this  comet  for  Nov.  10,  594. 

[214.]  602.  A  comet,  like  unto  a  sword,  was  seen  in  this  year. — (Theophanety 
Chronogrnphiay  p.  240.) 

[215.]  About  606  (i).  In  April  and  May  a  comet  was  seen. — (Paolus  Diaoonus, 
De  Oettit  lAngobardorumf  iv.  33.) 

[316.]  About  606  (ii).  In  November  and  December  a  comet  was  seen. — (Pauloi 
Diaconus,  iv.  34.) 

[217.]  607  (i).  On  March  13  a  comet  was  seen  in  the  sidereal  divirion  of  ^ 
Geminorum,  and  near  v,  ^  Ursce  Majoris ;  it  passed  by  «,  r,  $  &c.  Persei,  a,  /3,  9,  x 
Aurigie,  a,  fi  Geminorum,  the  vieinitif  of  fi  Leonis  and  a  Herculis,  and  stopped  aft^ 
14  weeks.  (Ma-tuo»n-lin ;  Williams,  38.)  Probably  for  Ti-tso  (a  Heroulis)  we 
Hhould  read,  as  Hiod  suggests,  Ou-titso  (i9  Leonis) ;  and  if  we  suppose  the  ''  v  and  ^ 
Ursie  Majoris"  to  allude  to  the  place  to  which  the  tail  extended,  this  otherwise 
inconceivable  route  will  appear  more  reasonable. 

On  April  4  a  tailed  star  appeared  in  the  W.  horizon.  It  traversed  the  sidereal 
divisions  of  JS  Andromedsn..  a  and  fi  Arietis,  and  a  and  «  Virginis,  and  then  disap^ 
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peared. — (Gaubil ;  Williams,  39.)  The  Chinese  account  refers  this  to  another  oomet, 
out  Hind  thinks  'Mt  is  more  than  probable  that  in  the  description  of  these  so-called 
Jirtt  and  second  comets  of  this  year,  there  is  some  confusion  as  regards  the  order  in 
which  a  single  comet  may  have  passed  through  these  sidereal  divisions  and  oon- 
'stellations ;  or  observations  of  the  direction  of  the  tail  may  be  mixed  up  (as 
occasionally  happens)  with  the  potations  of  the  head/' — {Companion  to  ike  Almanac, 
i860,  p.  85.) 

[218.]  607  (ii).  On  Oct.  21  a  comet  appeared  in  *Hhe  Southern  region;"  it  was 
seen  in  the  sidereal  divisions  of  a  and  «  Virginis  and,  passing  in  the  vicinity  of  fi 
Leonis,  came  to  a  Herculis :  it  entered  most  of  the  sidereal  divisions,  but  not  those  of 
a,  fif  7,  5  Ononis  or  7,  c,  /a  Geminorum ;  in  the  beginning  of  the  year  608  it  disap- 
peared.— (Williams,  39 ;  Ma-tuoan-lin  ;  who  declares  this  comet  to  be  identical  with 
that  of  the  4th  of  April.)  For  a  Herculis,  Pingr^  read  fi  Leonis,  as  above,  and  thinks 
the  ''European  comet  or  comets  of  605  the  same  as  the  Chinese  comet  or  oomets  of 
607.*' — {CoaUt,  i.  327.)  It  is  very  difficult  to  decide  from  the  Chinese  observations 
of  comets  in  607  how  many  comets  really  appeared  in  that  year — whether  there  were 
2  or  3,  or  even  more  than  one. 

[219.]  608.  A  comet  emerged  this  year  from  a,  &  Aurigse,  and  passing  v,  ^  &c. 
Ursse  Majori?,  came  to  i9,  8,  ir,  p  Scorpii. — (Ma-tuoan-lin.)  This  is  precisely  the  path 
which  Halltjfs  comet  follows  when  its  PP.  occurs  in  October,  and  as  that  comet  was 
due  about  this  year,  Hind  thinks  this  was  it. 

[220.]  614.  A  comet  appeared  for  i  month  during  the  occupation  of  Jerusalem  by 
Cosroes,  king  of  Persia. — (Lubienitz,  TAeatram  Cometicumf  Lugd.  Bat.  1681.)  Date 
vert/  uncertain. 

[221.]  616.  In  July  a  comet  was  seen  to  the  S.  E.  of  h,  v,  <p,  $  Ursse  Majoris.  It 
was  from  50°  to  60°  long,  and  its  extremity  had  an  undulatory  motion.  It  moved  to 
the  N.  W.  for  some  days,  and  when  it  had  nearly  reached  the  circle  of  perpetual 
apparition  it  retrograded,  and  then  disappeared. — (Gaubil;  Ma-tuoan-lin.)  The 
dimensions  assigned  by  the  latter  are  5  or  6  tsun  {^  or  ^  of  a  cubit  ?). — Williams, 

39-) 

[222.]  616  (i).  In  July  a  comet,  with  a  tail  3  or  4  cubits  long,  was  seen  near  fi 
Leonis ;  after  some  days  it  disappeared. — (Ma-tuoan-lin ;  Williams,  p.  39).  Hind 
asifigns  this  and  the  next  comet  to  the  year  617. 

[223.]  616  (ii).  In  October  a  comet  appeared  in  the  sidereal  division  of  a,  /3 
Pegasi. — (Ma-tuoan-lin ;  Williams,  39,) 

[224.]   622.   A  comet  is  recorded  by  several  modern  cometographers. — (Lubienits.) 

[225.]  626.  In  March  an  extremely  brilliant  star  was  seen  in  the  W.  after 
sunset. — {Chronicon  Paschale.)  On  March  26  it  was  situated  between  the  sidereal 
divisions  of  the  Pleiades  and  Musca.  On  March  30  it  was  near  k,  e,  £  Persei. — 
(Gaubil ;  Williams,  40.) 

[226.]  632.  In  May  or  June,  or  a  little  later,  a  sign  appeared  for  4  weeks  in  the 
S.  It  was  called  a  ''  beam/'  and  extended  from  S.  to  N. — (Cedrenus,  Compendium 
llistoriarum,  p.  425.    Parisiis,  1647.) 

[227.]  633.  A  comet,  in  the  form  of  a  sword,  was  seen. — (J.  A,  Weber,  Diecurene 
Curioti,  &c.     Salisburgi,  1673.) 

[228.]  634.  On  Sept.  22  a  comet  appeared  in  the  sidereal  divisions  of  ^  Aquarii 
and  a  Aquarii ;  it  passed  through  the  sign  Aquarius,  and  on  Oct.  3  was  not  visible. — 
(Gaubil ;  Williams,  40.) 

[229.]  639.  On  April  30  a  comet  was  seen  in  the  sidereal  divisions  of  a  Tanri 
and  Pleiades. — (Ma-tuoan-lin;  Williams,  40.)  One  Chinese  authority  makes  the 
year  638. 

[230.]  641.  On  July  22  a  comet  was  seen  in  the  region  near  /3  Leonis;  it  ap- 
proached Coma  Berenicis,  and  on  Aug.  36  it  had  disappeared. — (Ma-tuoan-lin.)  De 
Mailla  (vi.  93)  dates  this  comet  a  month  earlier,  and  Gaubil  and  Williams  (p.  40) 
say  it  was  in  the  fi  Leonis  region  on  Aug.  i. 
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[231.]  660.  Some  modern  oometognphen  state  that  a  comet  was  visible  in  Scorpio 
for  I  a  days. — (Lubienits.) 

[233.]  663.  On  Sept.  37  a  comet,  3  cubits  long,  was  seen  near  o,  v,  (  Bootis.  On 
Sept.  29  it  had  disappeared. — (Ma-tuoan-lin.)  For  Sept.  37  and  29  Williams  (p.  41) 
reads  Sept.  39  and  Oct.  i. 

[333*]  007.  On  May  34  a  comet  was  seen  in  the  N.  E.,  near  ^,  $  Aurigse,  and  0 
Tauri. — (Graabil.)     On  June  13  it  had  disappeared. — (Ma-tuoan-lin  ;  Williams,  41.) 

[334.]  668.  In  May  or  June  a  comet  was  seen  for  a  few  days  in  Auriga. — (De 
Mailla,  vi.  145.)  This  is  probably  identical  with  the  preceding  with  an  error  of  one 
year  in  the  date. 

[335.]  673.  In  the  first  year  of  Thierri  of  France  a  comet  was  observed. — (  Vita  8. 
Leodet/arii.)  Several  historians  record  a  fire  or  extraordinary  iris.  Fingr^  suggests 
that  the  whole  may  be  reduced  to  an  Aurora  Borealis. 

[236.]  674.  According  to  some  modem  writers  a  great  comet  appeared. — 
(Lubienitz.) 

[237.]  676  (i).  On  Jan.  3  a  comet,  5  cubits  long,  was  discovered  to  the  S.  of  the 
sidereal  divisions  of  a  and  «  Vii*giniB. — (Ma-tuoan-lin ;  Williams,  41.) 

[238.]  676  (ii).  **  In  the  month  of  August  a  comet  showed  itself  in  the  £.  for  3' 
months,  from  the  time  of  cock-crowing  until  morning.  Its  rays  penetrated  the 
heavens;  all  nations  beheld  with  admiration  its  rising:  at  length,  returning  upon 
itself,  it  disappeared.*' — (Anastasius,  Historia  Ecclesiasticaf  Parisiis,  1^49 »  Paulus, 
Diaconus,  De  Gesiis  Longohardorvm^  v.  31.)  On  Sept.  4  a  comet  appeared  in  the 
sidereal  division  of  /x  Geminorum  ;  it  pointed  towards  a  and  fi  Geminorum ;  it  moved 
towards  the  N.  E.  Its  tail,  at  first  3  cubits  long,  afterwards  increased  to  30  cubits. 
It  [the  comet — Pingr^ ;  or  the  tail — Hind]  reached  to  X,  ^  and  9,  k,  ^  Ursae  Majoris. 
On  Nov.  I  the  comet  had  disappeared. —  (Ma-tuoan-lin:  Gaubil.)  For  Sept.  4  and 
Nov.  I  in  this  account,  Williams  (p>  41)  reads  July  7  and  Sept.  3. 

[339-1  081.  On  Oct.  17  a  comet,  50°  long,  was  near  a  Herculis;  gradually 
diminishing  in  size,  it  moved  towards  a,  ^,  7  Aquilse,  and  on  Nov.  3  it  had  disappeareo. 

—  (Gaubil;  Ma-tuoan-lin;  Williams,  42.) 

[240.]  683.  On  April  20  a  comet  was  seen  to  the  N.  of  a,  ^,  ^,  &c  Anrigs, 
$  Tauri.     On  May  15  it  had  disappeared. — (Ma-tuoan-lin;  Williams,  42.) 

[241.]  684  (i).  On  Sept.  6  a  comet,  10°  long,  was  seen  in  the  evening  towards 
the  W.  On  Oct.  9  it  had  disappeared. — (Gaubil.)  Hind  remarks  that  Uiis  single 
account  will  tolerably  well  describe  the  position  which  HaUey$  comet  must  have  been 
in  at  its  return  to  perihelion  in  the  year  684,  so  doubtless  this  was  that  celebrated  body^ 

—  {Companion  to  the  Almanac f  i860,  p.  88.)  For  Sept.  6  and  Oct.  9  Williams  (p. 
42)  reads  July  8  and  Aug.  10. 

[242.]    684  (ii.)   On  Nov.  11  a  star,  like  a  half  moon,  was  seen  in  the  W.  country. 

—  ^Ma-tuoan-lin.)  Hind  says  "  in  the  north  " — apparently  a  misprint.  For  Nov.  1 1 
Pingr^  and  Biot  read  Oct.  11,  and  Williams  (p.  42)  Sept.  13.  It  seems  doubtful 
whether  a  comet  is  referred  to. 

[  343*]  706.  In  the  3rd  year  of  Ethelhard  King  of  Wessez  '*  Two  comets  appeared 
...one  in  the  evening,  the  other  in  the  morning;  one  in  the  West,  the  other  m  the 
East.  They  carried  their  fiery  face  towards  the  North,  and  appeared  during  the 
month  of  January  for  almost  a  fortnight.*' — (Bartholomsei  de  Cotton,  HiMtoria  Anglim.) 
This  is  no  doubt  one  oomet  with  a  considerable  North  Declination. 

[244.1  707.  On  Nov.  16  a  oomet  appeared  in  the  W. ;  on  Dec.  17  it  had  ceased  to 
be  visible. — (^Ma-tuoan-lin;  Williams,  43.) 

[245.]  708  (i).  On  March  30  a  comet  appeared  between  the  sidereal  divisions  of 
Musca  and  the  Pleiades.— (Ma-tuoan-lin ;  Williams,  43.) 

[246.]  708  <ii).  On  Sept.  21  a  oomet  appeared  within  the  circle  of  perpetual 
apparition. —  (Ma  tuoanliu  ;  Williams,  43.) 
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[347.]  710  or  711.  In  the  pand  yeftr  of  the  Hegira  a  comet,  endued  witb  a  seosibla 
motion,  appeared  for  11  days. — (Haly,  Liber  Ptolemm  Comment.  Venetii^  X484*) 
The  year  93  of  the  Hegira  commenced  on  Oct.  39,  710,  and  ended  on  Oct.  18,  711. 

[348.]  712.  In  Aagust — September  a  oomet  emerged  from  the  W.,  and  paifod 
near  fi  Leonis,  &c.  and  thence  to  Arcturus. — (De  Mailla,  vi.  199.)  Willianaa  rp>  43) 
Bees  a  difficulty  in  assigning  any  more  exact  date  than  **  between  710  and  713. 

[349.]  7I6.  A  comet  of  terrible  aspect,  with  its  tail  directed  towards  the  Pole,  is 
■aid  to  have  been  seen  this  year,  but  we  have  only  a  modem  aothority  for  the 
statement. — (Sabellicus,  Opera  Omniay  Ennead.  VIII.  lib.  vii.   Basile»,  1560.) 

[350.]  729.  Several  writers  speak  of  3  comets  visible  for  14  days  in  the  month  of 
Janoary,  the  one  after  sunset  and  the  other  before  sonrise.-— (Bede,  Hitt&ria 
Ecclesiaeticay  v.;  Monachus  Herveldensis,  Chronicon  Hietoria  Germanue-)  It  is 
easy  to  see  that  a  single  comet  with  a  B.A.  not  greatly  differing  from  that  of  the 
Sun,  but  with  a  high  North  declination,  would  be  seen  after  snnset  and  before 
sunrise,  and  thus  satisfy  the  statement  of  the  Chroniclers.  Donati's  great  oomet  of 
1858  was  so  visible  for  several  weeks  in  the  month  of  September  of  that  year. 

[351.]  730.  On  Aug,  39  a  comet  was  seen  in  Auriga:  on  Sept.  7  it  was  in  the 
sidereal  divisions  of  a,  7  ^c.  Tanri  and  the  Pleiades. — (Gaubil.)  Ma-tao«n-Iin 
implies  that  the  comet  of  Sept.  7  was  not  the  same  as  that  of  Aug.  39.  WiUianui'B 
dates  are  June  30  and  July  9  (p.  43). 

[95a.]  738.  On  April  i  a  comet  was  seen  within  the  circle  of  perpetual  apparition. 
It  traversed  the  square  of  Uma  Major,  and  was  observed  for  10  days  or  more, 
when  clouds  interfered.-i-(Ma-tuoan-lin.)     Williams  (p.  44)   dates  this  oomet  for 

739- 

[353.]  744.  A  great  comet  was  seen  in  Syria. — (Theophanes,  p.  353.) 

[354.]  749.  "  In  his  (Cuthrede*s)  time  there  appeared  3  biasing  stars  easting  as 
it  were  burning  brands  towards  the  North. — (Stowe,  Chronicle$,) 

[355.]   762.  A  comet  was  seen  in  the  E.  like  unto  a  beam. — (Theophanes,  p.  363.) 

[356.]  767.  On  Jan.  13  a  comet  i  cubit  long  was  seen  near  a,  0,  y,  9  Delphini. 
It  passed  over  f ,  i  Delphini  and  was  visible  for  3  weeks. — (Ma-tuoan-lin ;  Williams, 
p.  44.)     For  Jan.  13  Hind  reads  Jan.  23. 

[357.]  773.  On  Jan.  17  a  tailed  star  was  seen  in  the  sidereal  division  of  B  Ononis. 
— (Ma-tuoan-lin ;  Williams,  45.) 

[358.]  813.  ''On  Aug.  4  a  comet  was  seen  which  resembled  3  Moons  joined 
together ;  they  separated,  and  having  taken  different  forms,  at  length  appeared  like  a 
man  without  a  head." — (Theophanes,  p.  433.)  In  spite  of  the  strangeness  of  this 
description,  Pingr^  considers  it  to  be  really  that  of  a  comet,  and  thinks  it  possible  to 
find  an  explanation  in  the  comet's  peculiar  position  with  regard  to  the  Sun  and  the 
Earth.— (C7<wi^.  i.  338.) 

[359.]  816.  In  April — May  a  great  comet  appeared  near  fi  Leonis. — (Ma-tuoan-lin  ; 
Williams,  45.) 

[260.]  817.  On  Feb.  5,  at  the  second  hour  of  the  night,  a  monstrous  comet  was 
seen  in  Sagittarius. — {Vita  Lvdovici  Pii  in  Bouquet's  Collection,  vi.)  On  Feb.  17 
a  comet  was  seen  in  the  sidereal  division  of  a,  7  Tauri. — (Ma-tuoan-lin ;  W^illiams, 

45-) 

[261.]  821  (i).  On  Feb.  37  a  comet  was  seen  in  the  sidereal  division  of  a  Crateris. 
On  March  7  it  was  near  a  Leonis. — (Ma-tuoan-lin  ;  Williams,  46.) 

[362.]  821  (ii).  In  July  a  comet,  with  a  tail  10  cubits  long,  was  seen  in  the 
sidereal  division  of  the  Pleiades.  After  10  days  it  disappeared. — (Ma-tuoan-lin ; 
Williams,  46.) 

[363.]  828.  On  Sept.  3  a  comet,  with  a  tail  2  cubits  long,  was  seen  near  r,  v,  17 
Bootis. — (Ma-tuoan-lin.)  A  comet  in  Libra. — (Georgius  Fabricius,  Btrum  Oermanier 
. . .  Memorabilium.  L^psise,  1609.)  Pingr^,  not  then  acquainted  with  Ma-tuoan-lin, 
threw  doubts  on  the  value  of  the  record  for  Sept.  3.  Williams  (p.  46)  reads 
July  5. 
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[264.]  834.  On  Oct.  9  a  comet,  with  a  tail  10°  long,  was  seen  near  /3  Leonis.  It 
went  Northwards  beyond  Coma  Berenicis.  On  Sept.  7  it  had^disappeared. — (Ma- 
tuoan'lin ;  Williams,  46. 

[265.]  837  (ii).  On  Sept.  10  a  comet  was  seen  in  the  sidereal  divisions  of  &  and  d 
Aquarii. — (Ma-tuoan*lin  ;  Boethius,  Scotorum  Hutorxa,  x  ;  Williams,  48.) 

[266.3  838  (i).  On  Nov.  11  a  comet  was  leen  in  the  sidereal  divisions  of  &  Corvi 
and  B  Cancri.  It  was  ao  cabits  long,  and  the  tail  gradually  pointed  to  the  W. — 
(Ma-tnoan-lin ;  Williams,  48.) 

[267.]  838  (ii).  On  Nov.  21a  comet  was  Reen  in  the  E.  country,  in  the  sidereal 
divisions  ft*  Scorpii  and  7  Sagittarii.  It  extended  in  the  heavens  £.  and  W.  On 
Dec.  28  it  had  disappeared, — (Ma-tuoan>lin.)  For  Dec.  38,  Williams  (p.  49)  reads 
Dec.  8.    Possibly  this  and  the  preceding  account  both  relate  to  the  same  object. 

[368.]  839  (i).  On  Jan.  T  a  comet  was  seen  in  Aries. — {Annaltt  Francorum 
FuldenteMy  in  Bouquet*s  Collection,  vols.  vii.  and  viii.)  On  Feb.  7  a  comet  was  seen 
near  8,  r,  x*  ^  Aquarii. — (Ma-tuoan-lin ;  Williams,  49.)  Pingr^  thinks  that  the 
latter  could  not  have  been  the  European  comet  of  Jan.  1. — {Comii.  i.  614.) 

[269.]  839  (ii).  On  March  T2  a  comet  wan  seen  to  the  N.  W.  of  k,  c,  £,  (  Persei. 
On  April  14  it  had  disappeared. — (M  a-tuoan-lin  ;  Williams,  49.) 

[370.]  840  (i).  On  March  20  a  comet  was  seen  between  the  sidereal  divisions  of 
<i  and  7  Pegani.     After  3  weeks  it  disappeared. — (Ma-tnoan-lin  ;  Williams,  49.)^ 

[271.]  840  (ii).  On  Dec.  3  a  comet  was  seen  in  the  £.  country. — (Ma-tuoan-lin ; 
Williams,  49.) 

[272.]  841  (i).  Before  the  battle  of  Fontenay,  that  is,  before  June  25,  a  comet 
was  seen  in  Sagittarius. — {Antiales  Francorum  FaUIenset,)  In  July — August  a  comet 
was  seen  near  8,  r,  x>  ^  Aquarii  and  between  7  Pegasi  and  the  E.  of  the  sidereal 
division  of  7  Pegasi. — (Ma-tuoan-lin  ;  Williams,  4Q.) 

[273.]  841  (ii).  On  Dec.  22  a  comet  was  seen  near  a  Piscis  Australis ;  it  passed 
through  the  wing  of  P^asus  into  the  circle  of  perpetual  apparition.  On  Feb.  9,  843, 
it  haa  disappeared. — (Gaubil;  Williams,  50.)  It  was  seen  in  the  W.  from  Jan.  7 
till  Feb.  13. — (fihronicon  Tnronense.) 

[274.]  862.  In  March — April  a  comet  was  seen  in  the  sidereal  divisions  of  X  and 
8  Orionis. — (Ma-tuoan-lin  ;  Williams,  50.)     Williams  dates  this  comet  for  851. 

(^75.]  866.  A  comet  was  seen  in  France  for  3  weeks. — (Chronicon  8,  Maxeniixs 
in  Bouquet's  Collection,  vols.  vii.  and  ix.)     Perhaps  in  the  month  of  August. 

[276.]  867.  On  Sept.  32  a  comet,  with  a  tail  3  cubits  long,  was  seen  in  the 
sidereal  division  of  v  Scorpii. — (Ma-tuoan-lin.)  W^illiams  (p.  50)  dates  this  comet 
for  Sept.  27,  856. 

[277.]  868.  At  the  time  of  the  death  of  Pope  Benedict  III  a  comet  appeared  in 
the  E. ;  its  tail  was  turned  towards  the  W. — (PtolemsBus  Lucensis,  Hialoria  Ecele* 
siaslica,  xvi.  9,  in  Muratori*s  Collection,  vol.  xi.)     Benedict  died  on  April  8. 

[278.]  864.  On  May  i  a  comet  was  seen. — (Chronicon  Floriacenfe.)  On  June 
21  a  comet  was  seen  in  the  N.  E.  through  an  opening  in  the  clouds  for  15  minutes* 
It  was  in  the  sidereal  division  of  ^  Arietis,  and  had  a  tail  3  cubits  long. — (Ma*tuoan- 
lin ;  Williams,  30.) 

[279.]  866.  Comets  were  seen  before  the  death  of  Bardas. — (Constantinos  Por- 
phyrogenitus,  Inctrti  ContiuuatoriSf  iv.  p.  136.)     Bardas  was  killed  on  April  31. 

[280.1  868.  About  Jan.  29  a  comet  was  seen  for  17  days.  It  was  under  the  tail 
of  the  Little  B«ar  and  advanced  to  Triangulum. — (AunaUs  Francorum  Ftddentet.) 
It  was  seen  in  China  in  the  sidereal  divisions  of  fi  Arietis  and  a  Musck. — (Ma- 
tuoan-lin  ;  Williams,  51.) — This  comet  is  probably  identical  with  Not.  33  and  341  of 
the  other  catalogue,  all  three  objects  being  apparitions  of  what  is  now  known  as  the 
"  November  meteor  comet."     (See  Hind,  Month.  Not.  xxxiii.  48.  Nov.  1873.) 
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K«4MiJMr — Oftetcr  a  ei«i«t  va*  ofcaerred  Mar  X;  *»  '*  ^>  ^?  ^  ^^ 
tJb*  XK^  JU-taMs la :  Willisw,fi. 

f  sfS}/  m%>  A  er«Mt  VM  MCB  IB  Fruee  fcr  25  dajiL—  €%nm 

fjf^^l  976.  Tb«d«stJi«rt]iecBqMnrLoiiulLwMaaBoaecd1ija 
lik#  •  Uirdbf  wbifdb  ffbowcd  it«elf  <m  June  7  ia  tLe  N.  It  wac  aeen  alio  frtan  Jaaa  6 
in  ilft*  N,  K,attbefif«tlKfar«if  tlieaij^  It  wa>  awre  brilliant  thaa  cmmti  owaPy 
ar*,  and  bad  a  fisa  taSL  Tfaii  brigbt  ooii>et,  tritb  \%m  long  tail,  was  moi  mominif  aad 
0rt«ini»n  dnrinff  the  wb'Je  of  Jaa«.  Brert  Ciromieom  Amdrett,  m  Booqnct**  Oillee> 
iPm,  v/J,  v]{,^  After  banaoiiiiing  fame  dkcrepaodes  of  date*,  Piiwr^  aaja  tha  eomet 
wtmUl  hmvte  afif«ar»d  *m  Jane  3  in  Aries ;  baring  bvt  little  lalatoM^  it  would  conea- 
aoaiitly  bave  risen  a  little  after  midnight,  and  would  bare  been  seen  the  same  nigbt. 
Tbe  folb/wing  days,  ss  its  longitude  diminished  and  its  N.  latitude  increased,  H 
would  have  been  seen  by  June  6  or  June  7,  in  the  evening,  towards  the  N.  £.— 
(('om/t.  \.  Z49'j 

f  JH4. )  077'  "  In  the  second  yesr  of  the  entrance  of  Charles  the  Bald  into  Italy  a 
wniiai  was  seen  In  the  Di<mth  of  March  in  the  W.,  and  in  the  sign  Libra.  It  lasted 
f(fr  1 5  days,  but  was  less  bright  than  the  preceding  one  [that  of  875].  In  the  same 
year  the  enif»erryr  Cliarles  died/' — [Chronicon  yovalicimsef  in  Muratori*B  Collection, 
vol,  il.;  JMng  in  Lilira,  it  was  in  opjMNtition  to  the  Sun,  and  therefore  visible  all 
iiif(lit,  in  the  evening  in  the  K.  and  in  the  morning  in  the  W.— (Pingr^,  Comt^t.,  i. 
3A0.;  Ma*iuiiaU']in  nayN  tbst  it  appeared  in  the  5th  moon,  or  in  June — Joly. 
(WilliamN,  SI. J 

I  aK^.l  889.  On  Jan.  18,  nt  the  1st  hour  of  the  nigbt, a  comet,  with  a  prt>digioasly 
long  tall,  was  seen. — {A  nnalu  Francorum  Fuldetues.) 

I  jK6.]  886.  A  comet  was  veen  between  X,  fx  Persei  and  «  Geminoram. — (Ma« 
tuoan-llu;  Willianui,  51.) 

I  'iK7.]  886.  On  June  13  a  comet  was  neen  in  the  sidereal  divisions  of  /j^  Scorpii 
and  7  Hagittaril.  It  passed  a,  0,  7  Urvse  Majoris,  near  to  ^,  v,  (  or  17,  r,  v  Sootia — 
(Ma-tu<>an-lin ;  WilliamH,  51.) 

|jKH.  I  800.  About  May  33.  *'Ging  ein  Comet  mit  haufenformiger  Htille  auf ; 
Hpat<  r  wurde  die  Hullesum  ticiiwcife.*'  (Tabarl  III.  2119,  10 :  Ast.  Nach.,  No.  a8i  i. 
vol.  rxviii.  Nov.  9,  18K7.) 

I  aHij.  1  801.  Ou  ^ay  1 2  a  comet,  with  a  tail  100  cubits  long,  appeared  near  the 
foot  of  (  ma  Major;  it  went  towardu  the  £.  It  passed  by  the  vicinity  of  ^  Leonis  to 
a  HtMitlii  and  Sorpenn,  etc.  On  July  5  it  had  disappeared. — (Matuoan-lin ;  Wil- 
llsniii,  51  :  J.  AimeriuK,  Annale*.) 

I  J<|0. 1  80)1  il\  A  comet  appeared  this  year  in  the  tail  of  Scorpio.  It  lasted  xa 
weekn.  and  was  foUowoil  by  an  extreme  drought  in  April  and  May. — (Ckranicon 
Amir^gtivrm*t,'\ 

I  iOi.  I   H08  ^ii^.    In  Juno  a  comet,  with  a  tail  a°  long,  appeared. — (Ma>tnoan-lin.'1 

|igj,|  808  [\iV^.  In  November — December  a  comet  appeared  in  the  sidereal 
dlvUitms  of  0  Sagittarii  and  fi  Caprict^mi.— ^Ma-tuoan-lin ;  Williams,  5a.) 

I  J03. 1  HOa  y^iv\  On  IVc.  a8  a  comet  came  from  the  S.  W.  On  Dec  31,  the  sky 
Wini;  oloudv,  it  was  not  Keen.  —  v^Ma>tuoan-lin.^ 

IVvMiiMy  {.  and  ii.  arv  identical,  and  alsi^  iii.  and  iv. ;  and  in  that  case  there  would 
))av<»  \h^\\  imly  i  otunets  this  year. 


[  J^^.l  809.  After  several  month»  of  very  bad  weather  the  douds  went  away,  and 
tui  Mav  ^  a  <s>met  was  seen  near  t  and  «  Vrrie  Majt^ris,  with  a  tail  100^  long.  It  went 
towar\l«  the  K.,  enteretl  the  r«|:i\4i  lyin^  around  fi  Leoni«,  and  traversed  ^xitas,  near 
ATx'^lurus  |vassing  inl^>  the  regitui  around  a  Hercnlis.  It  was  risible  for  6  weekd^.  and 
lis  lenisth  isradiudly  increased  tt^  ioor  J\  The  clouds  then  hid  it. — .  Ma^tnoan-lia.^ 
The  len^  is  incnpdible,  though  Gaubil  gives  the  lanae.    Gaclil's  date  »  S95.  bal 
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Pingre  is  sure  that  893  was  the  year.     Williams  (p.  52;  pronounces  in  favour  of  893, 
but  mi<«quote8  Pingr^  in  doing  so. 

[295.]  894.  In  February — March  a  comet  was  seen.  It  had  the  same  R.  A.  as 
Gemini  or  Cancer. — (Ma-tuoanlin ;  Williams,  52.) 

[  296.]  806.*  In  this  year  there  appeared  3  extraordinary  stars,  one  lai^e  and  two 
smaller  ones.  They  were  between  the  didsions  of  &  and  a  Aquarii.  They  travelled 
totjrether  for  3  days.  The  little  ones  disappeared  first,  and  then  the  large  one. — • 
(Biot.) 

[297.]  000.  About  February  an  extraordinary  star  appeared  near  e  Herculis, 
I  Ophiuchi,  W.  of  a  Herculis. — (^Biot.*)     A  comet  appeared. — (Lubienitz.) 

[298.]  902.  About  February  an  extraordinary  star  was  seen  below  some  stars  in 
Camelupardu8.  After  a  little  while  it  passed  to  x  Draconis.  On  March  2  a  shooting 
star  touched  it.  On  March  4  it  returned  to  Camelopardus. — (Biot.*)  A  comet 
appeared. — (Calvisius,  Opus  Chronologicum.    Francofurti-ad-Oderam,  1620.) 

[299.)  904.  At  about  the  time  of  the  birth  of  the  Emperor  Constantine  Porphy- 
rogeuituB  a  brilliant  comet  showed  its  rays  in  the  £.  It  liisted  40  days  and  40  nights, 
— (^Leo  Grammaticus,  Chronograph  (a,  p.  483.)  Constantine  was  baptixed  on  the 
festival  of  the  Epiphany,  or  on  Jan.  6, 905 ;  so  the  comet  may  be  dated  for  November 
and  December  904. 

[300.]  906.  On  May  22  a  comet  was  seen  near  a,  0  Geminorum.  It  traversed 
Ursa  Major  from  0,  v,  ^,  r  past  X,  /a,  towards  k,  £.  The  tail  was  30  cubits  long.  On 
June  12  the  comet  stretched  from  a  and  7  Leonis  towards  Serpens:  on  June  13 
clouds  obscured  the  skv ;  and  on  June  18  the  comet  had  disappeared. — (Ma-tuoan- 
lin; Williams,  52.)  From  the  European  account  in  the  Chronicon  Floriacemse  it 
would  rather  seem  that  it  was  the  hecul  of  the  comet  which  was  in  Ursa  Major,  and 
that  the  tail  reached  to  the  zodiacal  region  ;  but  the  description  is  altogether  very 
vague.     In  all  such  cases  the  Chinese  accounts  are  generally  preferable. 

[301.]  911.  About  June  an  extraordinary  star  appeared  near  a  Herculis. — 
(Biot.*)  A  comet  appeared. — (Ordericus  Vitalis,  llutorla  EccUinattica,  vii.) 
Pingrd,  perhaps  it  may  »ow  be  said  without  reason,  refers  this  account  of  Ordericus 
to  the  next  comet. 

[302.]  912.  A  comet  appeared  for  15  days  in  the  W.,  like  unto  a  sword. — (Leo 
(iramaiaticus,  Chrtmographiay  p.  487.  Parisiis,  1655.)  It  lasted  for  14  days  in  the 
N.  W.  in  March. —  Hugo,  Monachus  Floriacensts,  Chronicon,  in  Bouquet's  Col- 
lection, vol.  viii.)  On  May  1 3  a  comet  was  seen  in  the  sidereal  division  of  v  Hydrs. 
On  May  15  it  was  near  x  Leonis. — (Ma-tuoan-lin ;  Williams,  53.)  Probably 
llallejf^s  comet f  the  PP.  occurring  early  in  April. — (Hind,  Month,  Not,  R.A.S.,  x.  55. 
Jan.  1850.) 

[303.]  912  or  913.  A  comet  was  seen  in  Egypt  in  the  year  300  of  the  Hegira.— 
(Haly,  Ijiber  Ptoleniai  Comment.)  That  year  oonunenced  on  Aug.  18,912,  and  ended 
on  Aug.  6,  913. 

[304.]  916.  In  the  15th  year  of  Edward,  son  of  Alfred,  a  comet  i^peared. — 
(Bartholomsi  de  Cotton,  UUtoria  Anglxa.) 

[305]  ®^3'  I>>  November — December  a  comet  was  seen  near  9, 7,  8  Cancri.~(De 
Mailla,  vii.  210.;     Another  authority  ante  dates  this  comet  i  month. 

[306.]  928.  On  Dec.  13  a  comet  was  seen  in  the  S.  W.  Its  R.A.  was  5^ 
greater  than  that  of  ^  Capricomi.  Its  tail  was  10^  long,  and  pointed  to  the  8.  E. 
After  3  evenings  it  ceased  to  be  visible. ~(Ma-tuoan-lin.)  For  Dec.  13  Williams 
(p.  53    reads  Oct.  14. 

[307.]  936.  On  Sept.  21a  comet  appeared  in  the  sidereal  divisions  of  ^  and  a 
A(|uarii.  It  was  i*^  long,  and  passed  near  £  Aquarii  and  X,  fi Capricomi. — (Ma-tuoan- 
lin.,    Fur  Sept.  21  Williams  ;.p.  54)  reads  Oct.  28. 

[30S.]  939.  **  There  was  seen  in  Italy,  for  8  saocestive  nights,  a  comet  of 
surprising  grandeur:  it  threw  out  rays  of  extraordinary  length.** — (Luitprandi 
TicinensiK,  Hernm  .  .  .  Oestantm,  V.  i.;     Possibly  July  was  the  month. 


572  Comets,  [Book  IV. 


"309.]  Ml.  On  Sept.  iS  or  Xot.  17  (H  u  sot  panUe  to  msj  wkidk,  tko^  tkt 
former  d«j  wttma  xhtt  more  Ukeir,  frnoi  ihtt  EoropcflB  AUjuiUii]  a  eoaict  apfiMurf  is 
the  W.  It  ffwept  Serpen*  and  Homlcs.  aad  ww  10  euHtc  loB^ — "Ma-tTM— fi»; 
WUIzHiM,  54.,  It  WM  KCB  in  OetoiMT  for  3  w«eiE».^  CftroMaw  ^S.  FUnmHi,  m 
Bowinet'f  CoUMtion,  toIs.  Tii.  and  ix..  Anotlier  CluBcae  aceovnt  dstes  tlds  eoad  for 
Ao^.  7. — 'WaiMMrw,  64.^ 

[^fa]  943,  In  October  ft  cotnei  appc«7i*d  fcr  3  w«^s  in  the  W.  :  H  luid  s  ka^ 
i^n.  Mid  fltdTMieed  gndnaHj  Eastwards  to  the  meridiaa. — -^Ckrominm  Amd^fmvmm,) 
Herenl  aathoritics  mij  that  the  comet  appeared  for  onlj  2  wc^ev,  from  Oct.  18  to  Nor. 
I, — ^Witiehiiidoa,  AmmaUM.  Fraacofarti.  1621.-  All  rcaiark  that  a  great  loortaBtj 
amongit  oxea  uccuiied  in  the  foUowing  jear  ta  cQmaefmemee  of  tlie  eooMi**  ap- 
parition [?]. 

[31 1,]  943.  On  Not.  5  a  cooiei  appeared  in  the  E. :  ita  R.  A.  was  graaicr  thaa 
that  of  a  Virginia  by  9*^.  Ita  taO  waa  i  cabit  long,  and  pmnted  to  the  W. — If  a-tooaa* 
lin ;  WiUiama,  54.'^  Cometa  were  aeen  for  14  nighta. — {AnnaiiMa  Smxo;  in  £oeard*a 
Ccrptu  Histcrieum,  lipais,  1723.) 

[312.]  945.  ^'Theotilon,  Bishop  of  Tour*,  let  oat  from  Laon  to  retum  to  hm  &o- 
ceae,  bat  was  overtaken  on  the  road  bj  the  malady  of  whidi  he  died.  He  had  Jost 
partaken  of  the  Holj  Sacrament,  when  a  lominona  s^^  waa  seen  ^arersii^  the  ^j. 
Thia  fign  waa  a  cabit  long.  Ita  Inilliancy  waa  sacb  that  it  gave  li^t  in  the  »»iAiU 
of  the  night  to  thoae  who  were  charged  to  condact  to  Toors  the  bodj  of  the  prelate  bj 
a  joamej  of  200milea." — •  Frodoardaa,  Ckrauieon.)  Fingn^  conaiders  that^  i^iart  firom 
other  teatimonj,  the  daration  determinea  thia  to  have  beoi  **  one  TcritaUe  ooaiHe.'*--> 
{Cornet,  i.  356.) 

[B'S'I  ^^-  ^  March  13  a  comet  was  seen  in  the  crosa  of  Orion.  It^  tail  pointed 
towards  the  8.W. — (Ma-taoan-lin ;  Williams,  54.;  It  is  possible  that  "  March  13  '* 
maj  not  accnrately  represent  the  original,  owing  to  a  doobt  attending  the  Chineae 
method  of  eompatation. 

[314.]  969.  At  the  time  of  the  death  of  the  emperor  Constantine  Porphyro- 
genitas  a  gloomy  and  obscnre  star  appeared  for  some  time. — (Constant.  Porph., 
Jncerii  Continualorvi,  p.  289.)  Constantine  died  on  Nov.  9.  It  was  seen  from  Oct. 
17  to  Nov.  I. —  (Tackius, 'CWi  anomaloHy  id  eJtf,  de  Comeiis  »criptum,  Giasse-Haa- 
somm,  1653.) 

Biot  has  an  extraordinary  star  in  January,  and  another  in  Febrnary,  962  :  he 
assumes  these  to  be  one  and  the  same,  and  both  to  be  identical  with  No.  13  of  the 
**  calculated  "  comets. 

[315.]   976  (i).     In  April  a  comet  was  seen  in  the  E. — (Williams,  55.) 

[316.]  976  (ii).  A  bearded  comet  was  visible  from  August  to  October. — (Cedrenos, 
CompetuHum  J/utoriarumj  p.  683.)  It  was  ii^st  seen  on  Aug.  3  in  the  sidereal 
division  of  8  Hydrse,  between  7  and  9  hours  of  the  morning  ;  the  tail  was  40  cubits 
long.  The  comet  traversed  Cancer  and  came  to  the  sidereal  division  of  y  Pegasi, 
ancf  lasted  altogether  1 2  weeks,  during  which  time  it  passed  through  1 1  sidereal 
divisions.— (Gaubil.)  It  became  visible  on  the  5th  moon,  which  terminated  on 
July  II. —  (De  Mailla,  viii.  58.)  There  is  much  reason  to  believe  that  thia  oomet  is 
identical  with  the  celebrated  ones  of  1264  and  1556.  Presuming  the  PP.  to  have 
taken  place  at  the  end  of  July,  the  above  accounts  will  all  harmonise  extremely 
well.— (Pingrd,  i.  357.) 

[317.]  981.  A  comet  appeared  in  the  autumn. — (Burkhardus,  Monachus  S.  Gralli, 
7/tjr/ortrr,  i.,  in  Goldastus's  Alamannicarutn  Rerum.  Francofiirti,  1606.) 

[318.]  983.  On  April  3  an  extraordinary  star  appeared  near  fi  Leonis.  More 
prt>cisely,  it  was  between  ^  and  17  Virginis  :  it  approached  k,  £,  ir  Virginia,  and  went 
to  the  N. — (Biot.*)     A  comet  appeared. — (Lubienitz,  &c  ) 

[319.]  986.  A  comet  appeared  during  the  pontificate  of  John  XVI. — (Platin», 
Ve  VUu  Sammor¥m  Pontijicorum.   Colonise,  1540.) 

[320.]  989  (i).  On  Feb.  10  a  comet  appeared  to  the  N.  of  a  and  /3  Pegasi.  It 
was  1"  long,  and  lasted  14  days. — (Gaubil;  AnnalUUi  Saxo.)  Pingr^  seems  to 
(|uri«tinn  the  value  of  (laubil's  citation. — {Comet,  i.  620.)     Possibly  the  chronicle 
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cited  above  refers  to  the  and  comet  of  this  year,  the  orbit  of  which  has  been  cal- 
culated bj  Burckhardt. 

[321.]  900  (i).*  On  Feb.  a  an  extraordinary  star  appeared  in  the  division  of 
7  Corvi :  it  retrograded  towards  k,  k,  v,  ^  Hydne  and  disappeared,  having  travelled 
40°  in  10  weeks. — (Biot.) 

[322.]  990  (ii).  A  star,  with  a  long  tail,  appeared  in  the  N.  After  some 
days  it  was  in  the  W.,  and  its  tail  extended  to  the  £. — Romualdos  Salemitanus, 
Chronicony  in  Muratori's  Collection,  vol.  vii.)  It  was  seen  in  August-^-September  in 
the  W.— CCpuplet.) 

[.^23-]  0®^*  Oi'  Aug.  10  a  comet  was  seen.— (Hepidannus,  AnnaleSt  in  Bouquet's 
Collection,  vol.  vii ;  Florentius  Vigomiensis,  Chronicon.) 

[334O  0^8*  ^^  Feb*  23  *  comet,  I  cubit  long,  was  seen  to  the  N.  of  a  and 
^  Pegasi.  It  lasted  a  fortnight. — (Couplet;  De  Mailla,  viii.  131;  Ma-tuoan-lin ; 
Williams,  55.) 

[335.]  1000.  A  comet  appeared  on  Bee.  14  for  9  days.  It  frightened  everybody. 
— Iperius,  Chronicon^  xxxiii.)  A  meteor  appeared  at  the  same  time,  and  the  majority 
of  writers  confound  the  one  with  the  other.  This  may  be  the  real  explanation  of 
the  fact  that  a  slight  doubt  hangs  over  the  year  as  to  whether  it  was  999  or  1000. 
Pingrd  thinks  was  clearly  the  latter. 

[326.]  1003  (i).   In  February  a  comet  was  seen ;  it  disappeared  near  the  Sun,  and 
•was  only  seen  for  a  few  days  a  little  before  the  rising  of  that  body. — (Hepidannus, 
AhimUs.) 

[327.]  1003  (ii).  A  comet  appeared  during  the  pontificate  of  John  XVII. — 
{Chronicon  Nifiremburgente.)  It  lasted  a  long  time. — (jChrouicon  Stederburgeme.) 
It  was  discovered  in  China  on  Dec.  23,  when  it  was  situated  in  the  sidereal  divisions 
of  n  Geminorum  and  $  Cancri.     It  approached  very  near  $,  r,  c,  v,  <f»  Geminornm, 

?a8sed  by  a,  fi  Aurigs,  fi  Tauri,  to  the  cross  of  Orion,  and  disappeared  after  30  days, 
ts  tail  was  4  cubits  long,  and  like  a  vase  in  shape. — (Ma-tuoan-lin;  Williams,  56.) 
Some  European  writers  refer  to  a  comet  in  1004,  which  is  probably  this  one  prolonged. 
Pope  John  was  elected  on  June  13,  and  lived  only  till  Dec.  7.  So  can  there  £ive 
been  a  comets  between  June  1003  and  Dec — Jan.  J003-4? 

[328.]  1006.  A  comet  was  seen  in  the  S. — (Alpertius,  De  Diver titate  Temporum  / 
in  £ccard*8  Collection,  vol.  i.)  It  was  in  the  W.  in  September,  at  the  coounencement 
of  the  night,  and  lasted  3  months.  It  shone  with  great  brilliancy,  and  did  not  set 
till  cock-crowing. — (Glaber  liudolphus,  AnnaU«,  in  Duchesne's  Collection,  vol.  iv.) 
It  was  seen  in  China  in  September — October,  within  the  circle  of  perpetual  apparition. 
— De  Mailla,  viii.  158.)  On  Oct.  4  an  extraordinary  star  appeared  in  the  drcum- 
polar  regions  near  /?,  7  Draconis  ;  it  passed  by  some  little  stars  between  ^  Draconia 
and  d  Ursie  Minoris  to  some  little  stars  in  Camelopardus,  N.  of  Cassiopeia.  It  only 
lasted  II  days.— (Biot.*) 

[329.]  1012.  A  comet  of  extraordinary  grandeur  was  seen  for  3  months  in  tho 
Southern  part  of  the  heaveiis. — (Hepidannus,  Anmilee,) 

[330- ]  1016.  A  comet  was  seen  in  February. — (Protoepatas,  Breve  Chronicon, 
in  Muratori's  Collection,  vol.  v.)  In  China  on  Feb.  10,  1014,  a  comet  was  seen 
in  the  W. —  (Williams,  64.)  Probably  one  and  the  same  comet,  and  some  error 
in  the  year. 

[331-]  1017.  A  comet,  like  a  large  beam,  was  seen  for  4  months. — (Sige1)ertus, 
Chronographifiy  in  Bouquet*s  collection,  vol.  iii;  Gerbrandus,  CAromVoa  Belgicum, 
ix.  8.)  Hevelius  says  that  it  appeared  in  Leo,  but  gives  no  authority  for  thi« 
statement. 

[332.]  1018.  On  Aug.  4  a  comet  appeared  to  the  N.  E.  of  (it  would  seem)  (  Vnm 
Majoris  ;  its  was  3  cubits  long,  and  went  Northwards.  It  passed  by  v  and  0^  k,  ^ 
I'rtue  Majoritf,  and  thence  Southwards — (Ma-tuoan-lin ;  Williams,  56) — by  a  route 
which  Pingrt^  says  must  have  been  erroneously  stated.  However,  it  is  certain  that  a 
comet  appeared  this  year  in  the  Polar  regions,  and  that  it  lasted  about  6  weeks. — 
(Ditniarus,  Chronicon,  viii.)  It  is  less  certain  that  its  length  increased  to  30"^,  and 
that  {lapwing  Leo  it  disappeared  in  Hydra. 
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An  extr4DrdinBry  >t>r  appetred  on  June  lo  to  the  N.W.  of  ■  Le<m»  :  it  ulvkimii 
rapidly  by  a  Leaoia  to  the  vicinity  of  B  Leoni"  r  it  touched  B  Virginw,  uiil  pM«Kg 
1  LsoniB  (or  H  Virgims;  cauie  to  the  N.W.  off,  o,  (,  n  Vii^nia.  It  lasted  1 1  wKekt-— 
(Biot.*) 

[3,13.]  1023.  A  aomet  appeared  in  Leo  during  the  autumii. —  (AdenufiMf 
CliToncv*.  in  Bou<[  net's  Col  lea  ti  on,  vol,  i.j  Tlie  oiigin&l  account  caDt»iiu  mixJi  ihll 
is  oertainlj  flctitioUA. 

[334O  lOSi.  A  comet  appeared  the  year  before  the  death  uf  Bole&Uat  I.  luar  *t 
PoUnd.— (DlujfosaaB,  flM(wm  Potanica.    Francofurti .  171 1.: 

[335-]  108a.  On  July  1 5  an  cxtraorditury  star  ajipeared  in  tJie  N.  E.  I|  m- 
proached  S  Leoni«,  and  threw  out  a  tail.  On  Jtily  1;  it  (liuppf»T«l. — [BMT] 
CeilrenUB  apenkBaf  a  brilliant  Btar  having  puted  from  S.  to  N.  thia  jear \Cbm/^ 


V  Hitlu.  ■ 


.  730-) 


'  long,  appeared  on  Msivh  i  to   "  the  E.  of  tbe  K. 
It  appeann]  on  Marob  9  about  tfa«  lOCli  ban 
for  3  nights.— [»"ymen^«m    MMtrim  Ftam- 
cornm,  i.  and  Ji,  in  Bonquet's  Collection,  vol.  viii.) 

[337']  1034.  A  column  of  Sre  waa  leen  in  the  E.  in  September.  Ita  mmmix  in- 
alined  towards  the  8.— (Cedrenni,  Compendium  Hiilonamm.  p.  737.;  Il  appurtd 
between  k,  v,  A,  fi,  <f  Hydi™  et  Crateris. —  iDb  Mailla,  viii.  lyg  ) 

[338.]  10S6  (i).  On  Sept.  15  a  comet  appeared  in  the  otdereal  diviUiinit  of  v  HTdis 
itnil  a  (Jraterii.  It  was  7-^  cubita  long,  and  Uned  1:1  day*. — 1.  M.'i-tnou-lin  1 
Williama.  ;fi,)  Posaibly  this  ia  identical  with  the  prec»ling.  If  1035  ia  the  14^ 
year,  proliably  the  colomn  of  Are  vaa  a  meteor, 

[339.]  1036  (ii).  On  Nov.  :i  a  comet,  with  a  faint  tail,  appeaml  ne<u-  a,  t 
"'     '  '"'  '*"  '      "  -   "  -      ..■!ii=  .         jj    jf,      reads  Jao.   Ij, 


I,  p.  3(6.   Paritiia.  1660.) 
lotion  wa*  from  E.  10  W..  i 


10.16. 

[no,']  lOU,  Conieta  appeared. — iClyeaa,  .iliina/i 

[Ml-}  1043.  On  Oct.  ^  a  comet  appeareil.     Iti 
laBted  through  the  month. — (GljPM,  Aaaa/M,  p.  319.) 

[34].]  1046.  A  comet  appeared  in  the  11th  year  of  Henry  I,  of  Fr&noe. — (GixleUii^ 
Ckronica,  in  Bonqnofs  CoUection.  vol,  li.) 

[343-1  104&.  On  the  maming  of  Mnroh  10,  before  aunriac.  a  cimet  tra«  seen  near 
0  AquH-11,  and  a  Equulei ;  it  paeaed  by  the  head  of  Orion,  Miuoa,  and  the  hiinw  at 
Ariea,  and  laited  id  weeki. —  ((ianbii.j  "  La  route  qu'on  assigne  a  cette  comfet*  n'eot 
pan  natnrelle."—  (Pingid,  i.  371.)  Ma-tuoan-lin  ia  Bcareely  more  intelligible.  Pingid 
is  dinposed  to  think  that  Oaubil  has  made  a  ndstranslation.  The  word*  mulcivJ 
"head  of  Oriou  "  and  "  Muaca,"  united  into  one  word,  clnaelj  reaunblo  tba  vutil 
■tanding  for  "  the  circumpolnr  region."  Thia  affords  a  certain  amount  of  elplanation 
for  the  inoongruity.  and  WilliaaiH  aeema  to  adopt  it  in  Baying  ';p.  56)  that  tl>e  oomM 
paaBed  Irom  the  eidereal  divinion  of  B  Aquarii  through  the  circumpolar  te^una  to  *he 
aidereal  diviaion  of  B  Arietia. 

[344.]  1066.  InJuly — Auguat  a  comet  appeared  in  the  oircumpolar  ffltciona. — \J>t 
Mailla.  viii.  345.J  It  aeenu  to  have  paued  eonthwarda  to  Hydra,  but  GaubJI  pl^ 
it  in  the  head  of  Orion  when  Snt  aeen.  Ma-tuoan-lin  agrees  with  De  Mailla.  It 
was  la  ouLita  long,  and  on  Sept.  35  had  diuppeared.  [N.B.  The  heail  of  Orim  ia 
Troui,  the  other  region  Tie-oary ;  pronunciation  nearly  identical,  hence  poaaibly  a 
Confuaion.  See  note  to  No.  343.  on'c.]  Williama'a  account  <p.  57.1  !■  «iuiplj  that 
a  cumet  was  leen  within  the  circle  of  perpetual  apparition,  and  that  it  paaaed  llirou),'b 
the"aeven8tani"  [of  Una  Major  tj. 

[345']  1068.  ''The  death  of  Catiroir,  king  of  Poland,  was  announced  by  a  onmrt. 
which  appeared  for  several  D'ghta."  (HennenFeld,  Annulet  Silfia.;  It  Uatod 
tbe  whole  of  Eaeter  week. — (Morjgia,  ChronleoH.  i.,  in  Muraturi'a  CulleelioB,  nL 

[34G.]  loeo.  Shortly  after  the  death  of  Henry,  king  of  Krance,  a  uonwt  ■rtlh  • 
long  tail  appeared  in  tba  momiDg. — ^Wilheluiua  Malmtrsbiiritn«i>,  De  Gmlit  B^mm 
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[347-1  1067.  A  oomet  appeared  at  the  death  of  ConBtantine  Dacaa. — {Chronicon 
Andegavense.)    This  event  happened  in  May. 

[348.]  1069.*  On  July  is  an  extraordinary  star  appeared  in  the  sidereal  division 
of  7^  Sa^ttarii :  on  July  23  it  traversed  7,  8,  f ,  A  Sagittarii. — (Biot.) 

[349-1  1070.*  On  Dec.  35  an  extraordinary  star  appeared  in  Aries,  below  Musoa. — 
(Biot.) 

[350.]  1071-8.  During  the  reign  of  Michael  Parapinatius  comets  frequently 
appeared. — (Curopalat»,  Exeerpta  e  Breviario  HisioricOf  p.  856.     Parisiis,  1647.) 

[351.1  1076  (i).  A  great  comet  was  seen  in  Morocco,  during  July — August.  (Ibn 
Abi  Zer  a,  AnnaUs  Regum  Maurit, :  Att.  Nach, ,  No.  381 1.  yoT.  cxviii.    Nov.  9, 1887.) 

[353.]  1076  (ii).  On  Nov.  17  a  comet,  3°  long,  appeared  in  the  S.  K  in  the  middle  of 
the  sidereal  division  of  7  Corvi.  The  day  following,  the  tail  was  bifid  and  curved. 
On  Nov.  19  its  length  was  5  cubits ;  on  Nov.  ao,  7  cubits,  and  it  pointed  towards 
17  Corvi.  On  Nov.  29  the  comet  entered  the  Hyades  and  disappeared. — (Ma-tuoan- 
lin ;  De  Mailla,  viii.  285.)     For  *'  Hyadee"  WiUiams  (p.  59)  reads  ''  the  clouds." 

[353.1  1080  (i).  On  Jan.  6  a  comet  passed  over  the  sidereal  division  of  ft  Scorpii. — 
(Williams,  64.) 

[354.1  1080  (ii).  On  Aug.  10  a  comet,  10  cubits  long,  appeared  to  the  S.  of  Coma 
Berenicis :  it  was  curved,  and  pointed  to  the  S.  £.  Its  K.  A.  exceeded  that  of  7  Corvi 
by  8^  or  9*^.  On  Aug.  13  it  moved  towards  the  N.  W.  [Pingr^  does  not  understand 
what  is  meant],  and  its  K.  A.  exceeded  that  of  a  Crateris  by  9^.  On  Aug.  15  it  was 
3  cubits  long,  and  curved,  and  penetrated  Coma  Berenicis.  On  Aug.  3o  the  comet 
passed  very  near  a,  7  Leonis.  On  Aug.  24  it  could  not  be  seen. — (Ma-tuoan-lin ; 
Williams,  59.) 

[35 5-1  ^080  (iii).  On  Aug.  27  a  comet,  which  Ma-tuoan-lin  regards  as  the  pre* 
ceding  again  visible,  appear^  in  the  middle  of  the  sidereal  division  of  v  Hydne ;  it 
lasted  till  Sept.  14.    Pingre  is  the  authority  for  disingnishing  these  comeU,^^Comet. 

i.  625.) 

[35^-1  1096.  On  Oct.  7  a  comet  like  a  sword  appeared  in  the  Southern  part  of  the 
heavens. — '^Annalista  Saxo.) 

[357-1  1097  (ii).  On  Dec.  6  a  comet  was  seen  in  the  W. — (Williams,  64.) 

[358.]  1008.  On  June  3,  '*the  night  of  the  capture  of  Antioch/'a  oomet  shone 
out  with  great  brilliancy. — ^Kobertus,  Uittoria  Hierosolymitana,  v.; 

[359-1  1101.  On  Jan.  31  a  large  oomet  appeared  in  the  W.  after  sunset. — 
{MofMrchitB  SinictB  Synopsis  Chronologica.) 

[360.]  1106.  A  splendid  comet  appeared  this  year.  It  was  first  seen  on  Feb.  4, 
within  I  i  feet  of  the  Sun,  between  the  3rd  and  9th  hours  of  the  day.  In  Palestine 
it  becauie  visible  on  Feb.  7,  and  in  China  3  days  later.  Oil  Feb.  7  it  was  in  the 
sidereal  division  of  0  Andromedie,  and  it  passed  through  the  sidereal  divisions  of 
fi  Arieti^,  a  Muses,  the  Pleiades,  and  c  Tauri.  The  comet  remained  visible  for 
7  or  8  weeks,  and  had  a  tail  63*^  long. — (MatthsBus  Paris,  Historia  Major  ;  Gaubil ; 
Ma-tuoan-lin ;  Williams,  60;  and  many  others.)  [Williams  treats  Ma-tuoao-lin's 
account  as  pertaining  to  a  meteor,  but  this  is  out  of  the  question  under  the  circum- 
stances.] 

[361.]  1100.  In  December  a  comet  appeared  near  the  Milky  Way,  with  a  tail 
pointing  towards  the  S. — ;Hemingfort,  CAroaica,  i.  33.) 

[362.]  1110.  On  May  39  a  oomet,  with  a  tail  6  cubits  long,  was  seen  in  the 
sidereal  divii*ion  of  fi  Andromedw  and  0  Arietis.  It  went  Northwards  towards 
the  Pole,  and  then  became  visible  throughout  the  night,  and  ultimately  disappearofl 
in    the    K.  A.    of   about   4**.— (CAroaica  Hegia   S.  Pantaleoniij    Ma-tnoan-lin ; 

Williams,  60.) 

[363.]  1113.  A  great  comet  appeared  in  May.— (Mattlueui  Paris,  JUstoria  Mt^'org 
Matthwus  Westmonasteriensis,  Floret  Historiarum.) 

[364  ]  1114.  A  comet  at  the  end  of  May.  It  lasted  aeveral  nights,  and  had  a  long 
tail. — (Henricus  Huntingtloniensis,  Hi$toria ;  Annalu  WavtrUieiu^ei.) 
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[365.]  1116.  An  extraordinary  star  in  April — May,  near  a,  fi,  y  Leonis.  It  had  a 
long  tail. — (De  Mailla,  viii.  377 ;  Annate*  De  Marfan  ...  a  tempore  S.  Edwardi 
Confeu.)    Probably  a  comet,  though  no  mention  is  made  of  movement. 

[366.]  1126.  A  comet  preceded  the  death  of  Uladislas,  king  of  Bohemia.^' 
(DubraviuB,  Hittoria  Lojemica,  xi.   Hanovise,  i6o3.) 

[367.]  1126  (i).  In  June — July  a  large  comet  was  seen  within  the  circle  of 
perpetual  apparition.  It  passed  from  a  Herculis  towards  0^  ^  Ursa  Majoris. — (De 
Mailla,  viii.  443.)  These  Chinese  positions  will  not  harmonise  with  the  statement  oC 
the  Latin  historians  (Sicardus,  Chronicon,  in  Muratori*a  Collection,  vol.  vii.),  unless 
we  suppose  the  comet  to  have  been  in  Ursa  Major  at  the  end  of  July,  or  even  at  the 
beginning  uf  August. — (Pingr^,  i.  392.)  Williams  (p.  61)  dates  this  comet  for  May 
30,  and  thinks  the  reading  a  Urss  Minoris  to  be  preferred  to  a  Hercnlia. 

[368.]  1126  (ii).  In  the  moon  beginning  on  Dec.  15  a  great  comet  was  seen  ia 
China,  near  the  horizon.     (De  Mailla,  viii.  447 ;  Ma^tuoan-lin ;  Williams,  61.) 

[369.]  1131.  In  September — October  a  great  star  appeared. — (Ma-tuoan-lin  ;  WO^ 
liams,  01.) 

[370.]  1132  (i).  On  Jan.  5  a  comet  was  seen. — (Ma-tuoan>lin ;  Williams,  61.) 

[371.]  1132  (ii).  On  Oct.  2  a  comet  appeared;  on  Oct.  7  it  was  in  the  sidereal 
division  of  a  Muscse;  on  Oct.  27  it  had  disappeared.-^CMa^tuoan-Iin;  Floarentios 
Yigomiensis,  Chronicon — continuation.)  Williams  (p.  61)  makes  this  comet  to  have 
been  visible  from  Aug.  14  to  Sept.  3. 

[372.]  1133.  On  Sept.  39  a  comet  was  seen  near  9,  k,  ^  Urssi  Majoris. — (Williams, 

65.) 

[373.]  1138.  In  August — September  a  comet  appeared.— (De  Mailla,  viii.  534 ; 
Biot.*; 

[374.]  1142-3.  In  December — January  a  comet  appeared. — {Monarekia  Simiem 
Synopeis  Chronoloffica.) 

[375.]  1146.  On  April  15  a  comet  appeared. — (Cal  ndarius  Ambroeiana  Siblio- 
ihtceSf  in  Muratori's  Collection,  vol.  ii.)  It  is  not  easy  to  reconcile  the  conflicting 
accounts  of  its  course.  In  China  it  was  first  seen  in  the  £.  on  April  24 ;  on  May  14 
it  was  in  the  sidereal  division  of  8  Orionis  [and  must  have  had  a  considerable  North 
latitude,  or  it  would  not  have  been  visible. — Pingre,]  and  had  a  tail,  pointing  to  the 
N.  E.,  10°  long.  On  June  4  it  was  like  a  star ;  on  June  9  it  was  stationary  between 
a  Hydne  et  <>ateri8,  and  remained  visible  till  July  14. — (Gaubil.)  On  April  26  it 
came  from  the  constellations  of  the  £.  country.  [These  are  probably  the  first  7  of 
the  Chinese  zodiac,  conmiencing  at  a  Virginis. — Pingr^.]  After  50  days  it  disappeared. 
On  July  13  it  reappeared  in  the  cross  of  Orion,  and  lasted  15  days. — Mi»-tuoan-lin, 
who  adds  that  a  comet  was  seen  on  June  4  [when  the  above  was  still  visible].) 
Hind  considers  the  former  to  be  certainly  Halley'a  comtty  and  that  it  passed  PP.  on 
April  39.  Possibly  Gaubil's  *^  May  34  **  and  the  position  assigned  thereto  is  apocry- 
phal. Pingr<§*s  note  was  made  before  Ma-tuoan-lin's  account  was  in  his  possession : 
he  professes  himself  unable  to  decide.  But  the  comet  of  July  15  might  have  been 
different  from  the  50-day  one  which  disappeared  on  June  15  ;  in  which  view  of  the 
matter  the  latter  might  have  been  Ma-tuoan-lin  s  June  4  comet.  Williams  (p.  63)  is 
very  brief. 

[376.]  1146.  A  comet  was  seen  for  a  long  time  in  the  W. — {Chronica  Regia  S, 
PantaltonU.) 

[377.]  1147  (i).  The  emperor  Conrad  set  out  in  Muy  for  Palestine  ;  his  departure 
was  preceded  by  a  comet. — {Hittoria  Epiecoporum  Virdunentium.)  On  Feb.  8 
a  comet,  10^  Ions,  appeared  in  the  £.  for  15  days. — (^Gaubil.)  On  Jan.  6  (or  11)  a 
comet  appeared  in  the  S.W.  of  the  sidereal  division  of  a  Aquarii  and  «,  $  Pegasi. — 
(Ma-tuoan-lin.)  This  writer  says  that  on  Feb.  13  (or  17)  another  comet  appeared  in 
the  N.  £.  in  the  sidereal  division  of  c  Aquarii,  and  that  on  March  5  y^or  7)  it  had 
ceased  to  be  visible.— (Williams,  63.) 

[378.]  1147  lii).  About  Aug.  3o  in  Japan  a  comet  was  seen. — \^Kaempfer, 
Jliitoire  dn  Jopon,  II.  iv.) 
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[379.]  1162  or  1156.  Ma-tuoan-lin,  the  former;  Oaabil  and  the  Great  Annals  of 
China,  the  latter.  On  August  15  a  oomet  was  seen  in  the  middle  of  Gemini ;  the 
next  diay  it  was  like  Jupiter,  and  2°  long.  On  the  day  Kouev-tclUoUy  or  Aug.  12, 1 1 53, 
a  oomet  passed  near  By  r,  1,  v,  <p  Geminorum. — (Ma-tuoan-un.)  On  July  26  a  comet, 
10°  long,  was  seen  in  the  feet  of  Gemini.  On  the  day  Kimey-teh^ou.  or  Aug.  2,  1 156, 
it  was  near  9  Geminorum. — (Gaubil.)  Williams,  (p.  62)  renders  Ma-tuoan-lin*8  year 
as  1 151,  and  some  other  difficulties  occur  in  his  account. 

[380.]   1166.   On  May  5  a  comet  was  seen. — {Chronicon  Momuterii  Admoniensu.) 

[38 1 .]  1162.  On  Nov.  1 3  a  great  comet  appeared  in  the  square  of  Pegasus :  it  went 
towards  x  And  ^  Aquarii.     Its  tail  was  more  than  10°  long. — (Gaubil.) 

[382.]  1166  (i  and  ii).  Two  comets  appeared  this  year  in  August  before  sunrise  ; 
the  one  in  the  N.,  the  other  in  the  S. — {Chronica  de  Mailros,) 

[383.]  1181.  In  July  a  comet  was  seen. — {Chronica  de  Mailros.)  It  appeared 
shortly  before  the  death  of  Pope  Alexander  III. — (Ca vitellius,  .^nna^  Crmnonentes.) 
This  happened  on  Aug.  30.  Gaubil  mentions  a  new  star,  seen  on  Aug.  1 1 ,  under  the 
footstool  of  Cassiopeia.  It  disappeared  after  156  days.  Nothing  is  said  as  to  its 
having  had  any  movement.  Between  Aug.  6,  1181  and  Feb.  o,  1182,  an  extra- 
ordinary star  was  visible.  From  the  division  of  i  Andromedse  it  passed  over  some 
little  stars  in  Camelopardus,  N.  of  the  head  of  Ursa  Major. — (Biot.*) 

[384.]  1188.  A  comet  was  seen  all  over  England.  It  signified  the  death  of 
Henry  the  King. — {Annates  Camhrlce.) 

[385.]  1198.  In  November  a  comet  appeared  for  15  days.  It  announced  the  death 
of  King  Richard  I.  of  England. — (Radulphus  Coggeshale,  Chronicon  Anglieanum.) 
Bichard  died  on  April  6,  1199. 

[386.]  1204.  In  the  year  of  the  capture  of  Constantinople  by  the  Latins  a  great 
comet  appeared. — (Sicardus,  Chronicon.) 

[387.]  1208.  A  comet  appeared. — {ChroniamWeichenstephenensf,)  A  brilliant  star 
like  a  fire  appeared  after  sunset  for  2  week 8 ;  the  Jews  regarded  it  as  a  sign  of  the 
approach  of  the  Messiah. — (Caesar  Heisterbacensis,  Excerpia  Uistoriarum  Memora- 
hilium.) 

[388.]  1211.  In  May  a  comet  was  seen  for  18  days  in  Poland. — (M.  Cromerus, 
Pfdonia,  vii.     Colonise  AgrippinsB,  1589.) 

[3^9-1  1214.  In  March  two  terrible  comets  were  seen. — (Boethius,  Seotorum 
Historia^  xiii.)  No  doubt  a  single  comet  with  a  considerable  North  Declination, 
which  would  accord  with  the  statement  of  one  comet  preceding  and  the  other 
following  the  Sun.  One  author  associates  the  comet  with  a  solar  eclipse  which 
happened  in  1215. 

[390].  1217.  "  In  the  autumn,  after  sunset,  we  saw  a  beautiful  sign ;  a  star  which 
soon  sank  below  the  horizon.  This  star  was  turned  towards  the  South,  pointing 
a  little  Westwards.  Its  position  faced  the  crown  of  Ariadne." — (Conradus,  Abbas 
Urspergensii,  Chronicon.)  Pingr^  understands  the  above  expression  to  mean  that 
the  comet's  azimuth  was  as  much  W.  of  S.  as  that  of  Corona  Borealis  was  W.  of  N. — 
^^Com^l.  i.  398.) 

[391.]  1222.  In  the  months  of  August  and  September  a  fine  star  of  the  l*^ 
magnitude,  with  a  large  tail,  appeared.  When  first  seen  it  was  near  the  place  where 
the  Sun  sets  in  December. — {Annalei  Warerleienseiy  &c.)  It  was  observed  in 
(-)nna  between  the  feet  of  Virgo,  Arcturus,  and  Coma  Berenicis.  It  disappeared  on 
Oct  8. — (Gaubil.'^  On  Sept.  25  it  came  from  17  Boiitis.  The  tail  was  30  cubits  long. 
The  comet  traversed  the  sidereal  divitiions  of  a,  ^,  &c.  Libra,  ^.  8,  &c.  a,  a,  fto. 
Scorpii.  and  then  perished,  after  remaining  in  sight  for  2  months.— (Ma-tuoan«lin.) 
With  this  comet  we  lose  the  invaluable  guidance  of  this  able  Chinaman.  For 
"  Sept.  25  "  Williams  (p.  63)  reads  "  Sept.  15." 

[392.]  1223.  Early  in  July  a  oomet  appeared  in  the  Western  heavens  in  the 
evening  twilight.  It  was  looked  upon  as  the  precursor  of  the  death  of  Philip  Augustus 
King  of  Fnnce.^^ChroniqMf  dc  France,  MS.)  Most  probably  Jlalletf  9  cornet.-^ 
(Hind. 


578  Comets.  [Book  IV. 

[393.]  1226.  On  Sept.  13  »  comet  appeared  between  17,  r,  r  Bootia  and  Cama 
Berenicis.  It  pointed  towards  a  Bootii.  On  Sept.  la  {tie)  it  diaappaared.— 
(Williams,  65.) 

[394.]  1227.  A  comet  appeared. — (Matt.  Paris.,  Ahhret,  Chromic,') 

[395]  1230.  A  comet  appeared. — (Dobravius,  Hiiforia  Bojemiea,  xv.)  Oa 
Xiec.  15  an  extraordinary  star  appeared  between  Ophiuchns  aud  Setpens  below 
the  Stan  Fand  D  in  the  head  of  Cerberus.  On  March  30,  1 231,  it  had  diaappeared.— 
(Blot.) 

[396.]  1232.  On  Oct.  17  a  comet,  10°  long,  was  seen  in  the  sidereal  divirion  of 
a  Virginis.  On  the  lath  day  of  its  apparition  it  was  3o°  long.  On  the  i6th  day 
it  was  close  to  the  Moon.  On  the  a  7  th  day,  at  the  5th  watch,  it  reappeared  in  the 
S.E.,  and  was  40°  loi^ ;  it  was  finally  lost  sight  of  on  Nor.  14. — (De  MailU,  iz.  173 ; 
Graubil;  Williams,  63.)  It  be^n  to  disappear  on  Dec.  a. — (Bioi.)  The  date 
Not.  14  is  determined  by  Pingr^,  but  it  seems  open  to  question.  It  must  be  added  that 
Biot  states  that  it  (the  comet)  was  not  seen  on  the  "  i6th  day"  daring  the  moon- 
shine: he  likewise  doubts  whether  the  **  lath  day'*  (and  consequently  the  other  days) 
means  that  day  of  the  moon  or  of  the  comet*B  apparition ;  Pingr^  says  the  latter,  "sans 
doute."  Another  entry  by  Williams  (p.  65)  assigns  this  oomet  to  1337,  Sept.  ax, 
bnt  the  preponderance  of  testimony  is  in  favour  of  1333. 

[397.1  1230.  A  comet  was  seen  in  February.— (AfoaarcAiVv  Siniete  S^^mopsis 
Chronotoffica.)  Shortly  after  the  birth  of  Edward,  son  of  Henry  III.  of  England, 
at  the  commencement  of  1238,  a  splendid  comet  appeared  for  several  days  brfore 
snnrise. — (Polydorus  Vergilius,  Angiica  Hittorica,  xvi.)  Edward  waa  certainly  bom 
in  1 339,  so  no  doubt  the  Chinese  date  is  the  correct  one. 

[398.]  1240.  On  Jan.  35  a  comet  was  seen ;  at  the  end  of  that  month  ft  was 
observed  in  the  W.  During  February  it  continued  to  appear  in  the  same  qoarter  of 
the  heavens,  its  tail  pointing  to  the  E. — (Bolandinos,  CAronicoa,  v.  x,  in  Maratori*« 
Collection,  vol.  viii.)  In  China,  on  Jan.  31,  a  comet  was  seen  near  a  Pegasi;  on 
Feb.  23  it  passed  near  a  and  /3  Cassiopeise.  On  March  31  it  began  to  disappear. — 
(Biot.) 

[399*]  1260.  A  comet  appeared  in  December,  about  the  time  of  the  death  of  the 
Emperor  Frederick  II. — {Gesta  Trtvirensium  Arehiepiscoporum,  No.  a66.) 

[400.]   1254.   In  November  a  comet  appeared. — (Petrus  Pictaviensis,   Chromca, 

MS.) 

[401.]  1262.  A  comet  appeared  for  several  months. — (Crusius,  Annates  Sueeiei, 
III.  ii.  Francofurti,  1595.) 

[483.]  1263.  In  July — August  a  comet  was  seen  in  the  E. — (Gassarus,  Annates 
Augustburgenses,)     Of  doubtful  authenticity,  the  writer  not  being  contemporary. 

[403.]  1266.  A  comet  appeared  at  the  beginning  of  autumn  and  lasted  till  the 
end  of  that  season.  It  was  visible  from  midnight. — ^  Chronicon  Metticense,  in  Pes*s 
Collection,  Lipeise,  1731.)  It  was  first  seen  in  September. — (Franciscus  Pipinns, 
Chronicon,  in  Muratori*s  Collection,  vol.  ix.)  It  is  just  ])08sible  that  there  were 
3  comets  this  year ;  one  visible  July — September,  the  other  September — November. 

[404 .]  1266.  In  August,  before  daybreak,  a  comet  was  seen  near  the  sign  Taurus. — 
(Gregoras,  Hittoria  Bgzantina.  ParisiiB,  1702.)  A  visibility  of  3  months  may  be 
inferred. 

[405.]  1269.  In  the  3oth  year  of  the  reign  of  Alexander,  King  of  Scotland,  a 
very  fine  comet  appeared  towards  noon  [sub  meridiem].— (Boethius,  Scotornm 
Historia,  xiii.)  "  Towards  the  S."  would  be  a  good  rendering. — ^Pingr^,  i.  415.)  It 
was  observed  in  the  E.  in  August  and  September. — (Malveoius,  Chronicon  Brixiense, 
VIII.  Ixxviii,  in  Muratori*s  Collection,  vol.  xiv.) 

[406.]  1273.  On  Dec.  5  a  new  star  appeared  in  the  Hyades.  It  moved  throngh 
Auriga,  past  0,  0,  v  Urss  Majoris,  c,  a,  p  Bootis  to  Arcturus,  and  remained  visiUe 
3  weeks.— (Gaubil.) 

[407.]  1274.  Three  days  before  the  death  of  Thomas  Aquinas,  a  comet  appeared. — 
(Guillelmus  De  Thoco,  VUa  S.  Thonue  Aquinath,  x.  60.) 
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[408.]  1277.  On  March  9  a  comet,  4°  loDg,  was  seen  in  the  N.  £. — (Gaabil ; 
Williams,  66.) 

[409.]  1286.  In  this  year  a  great  comet  appeared ;  its  tail  pointed  towards  the 
N,  W. — (Ptolemseas  Lucensis,  Historia  Ecelesiatticay  XXIV.  xvii.)  On  April  5 
a  very  brilliant  star  was  seen. — (Pontanas,  Bohemia  Pia,  i.    Francofurti,  1608.) 

[4 10.]  1293  or  1204.  In  February  1393  or  January  1294  a  comet  was  seen  in  the 
circumpolar  regions ;  it  passed  through  the  square  of  Urea  Major.—  (Couplet ;  Gaubil.) 
On  Nov.  7,  1393,  a  comet  appeared  as  above.  It  was  i  cubit  long,  and  lasted  a 
moon. — (Biot ;  Williams,  67.) 

[41 T.]  1208.  Celestial  signs  announced  the  death  of  Beomond,  Archbishop  of 
Treves  [oh.  Dec.  9,  1299].  In  the  preceding  year  a  comet  was  seen,  during  I  a  con- 
secutive nights,  at  about  the  3rd  hour  of  the  night.  Its  head  was  in  the  N.  and  its 
tail  trended  Southwards. — {Oetta  Tretirentium  Archiepiscorum.) 

[412.]  1301  (ii).  Before  Christmas  a  comet  was  seen  in  the  W.  after  sunset.  It 
set  before  midnight,  and  lasted  15  days.  On  Dec.  i  it  was  in  Aquarius  and  Pisces. — 
(Ricobaldus,  Compilalio  Chronologica.) 

[413-]  1304.  On  Feb.  3  a  comet  was  seen  in  the  sidereal  division  of  a  Pegasi ;  it 
passed  towards  the  circumpolar  n^ons,  and  by  the  tail  of  Cygnus  and  Cepheus ;  it 
lasted  IX  weekt. — (De  Mailla,  ix.  483.)  Its  tail  was  more  than  i  cubit  long,  and 
pointed  towards  the  8.  £.  when  discovered  ;  afterwards  it  pointed  towards  the  N.  W. 
On  Feb.  3  it  was  in  the  nth  degree  of  a  Pegasi ;  it  subsequently  swept  ft  Cygni, 
X  Andromedse,  and  entered  the  circumpolar  regions. — (Biot ;  Williams,  68.) 

[414.]  1306.  Three  days  before  and  3  days  after  Easter,  or  from  April  15  to 
April  21,  a  loug  tail  was  seen. — (Botho,  Chronica  Brunswictntet.) 

[415.]  1313.  From  April  13  or  20  a  comet  was  seen  in  the  £.  part  of  the  sidereal 
division  of  ft  Geminonim.  It  remained  visible  a  fortnight. — (Biot ;  Gaubil ; 
Williams,  68  ;  Massatus,  Ilisloria  Attgusta,  xv.  4,  in  Muratori  s  Collection,  vol.  x.) 

[416.]  1314.  In  October  [?]  a  comet  appeared  in  the  latter  part  of  [the  sign!] 
Virgo,  towards  the  N. —  (Paulus  Cygraeus,  Chronicon  Cifizense.)  The  accounts  are 
very  vague  and  contradictory.  One  writer  dates  its  vitdbility  from  May  1,  and  says 
that  it  remained  visible  for  6  months.  — (Pontanus,  Jlisloiia  Gelrica,  vi.) 

[417.]  1316.  On  Oct.  29  a  comet  was  discovered  in  the  region  lying  around  $ 
Leonis.  On  Nov.  28  it  was  in  the  circumpolar  regions.  It  then  traversed  15  sidereal 
diviMions  fDm  that  of  7  Corvi  to  that  of  7  Pegasi.  It  remained  in  sight  till  March 
II,  1316. — ^(laubil ;  Biot ;  Williams,  68.)  European  writers  say  that  2  comets  were 
vinble  from  Dec.  1315  to  Feb.  1316.  The  first  was  much  larger  than  the  second.— 
(Hegecius,  De  Stellti  Novd  anni  1571,  <fc.)  The  N.  P.  D.  of  the  larger  one,  on  Dec. 
25,  at  17**,  was  18°  38';  on  Jan.  15,  at  17*',  it  was  only  9°  49'. — (Massatus,  De  Gettie 
Italicontmy  vii.  14,  in  Muratori*s  Colltctton,  vol.  x.)  Ihose  who  speak  of  the  second 
comet  say  that  it  appeared  in  the  £. — (jUhionicon  hoiomagen$e,)  Can  it  be  that  after 
all  there  was  only  I  comet  ? 

[418.]  1334.  In  August  a  comet,  with  a  tail  7j  feet  [degrees  ?]  long,  was  seen. — 
{Monarchia  Siniae  Sgnopeis  Chronolo^ea.) 

[419.]  1337  (ii).  A  comet  was  seen  in  Cancer  during  the  visibility  of  the  Great 
CVniiet  of  this  year.  It  lasted  2  months.—  (Giovsni  Villani,  Chroniehe^  XI.  Izvi,  in 
Muratori^s  Collection,  vol.  xiv.)  The  (ireat  Ccmet  was  visible  for  3  months  or  more, 
from  May.  Chinere  writers  seem  to  speak  of  2  comets.  The  lesser  one  passed  from 
a,  /?,  17  Cassiopeise  to  Corona  Bcrealis,  and  lasted  from  May  4  to  July  31. 

[420.]  1338.  On  April  15  a  comet  was  discovered ;  the  Sun  being  then  inTaoms, 
the  comet  was  in  Gemini.  Its  movement  was  from  W.  to  K  with  a  N.  Declination. 
It  followed  the  Sun,  and  set  about  midnight.  On  April  17  it  was  in  24*^  of  Gemini. 
From  a  note  by  Friar  Giles  it  appears  that  its  latitude  was  then  17*^  or  18*^  N.  It 
remained  in  sight  a  fortnight  or  more. — {^Chronicon  HoiomtigenMe.) 

[421.]  1S40.  On  March  24  a  comet  was  discovered  in  the  7th  degree  of  the 
sidereal  division  w  Scorpii.  It  went  slowly  to  the  N.W.  *'  When  first  seen  it  was  in 
the  latter  part  of  Libra  :  then  it  retrograded  at  the  rate  of  5^  a  day,  till  it  eame  to 
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Leo,  where  it  diiappeftred.*'  It  was  vitible  3a  days. — (De  Mail]*,  ix.  576;  GftiM; 
WilliaiiiB,  71  ;  Gregoras, /Titforui  Byzantina,  XI.  viL  5.  Fol.  Parisiis,  170 J.)  Biot'i 
chronider  states  that  this  comet  was  in  shape  like  a  hale  of  eoiian  ! 

[422.]  1845.  At  the  end  of  July  a  oomet  appeared  neftr  the  head  «>f  Vim 
Major ;  it  advanced  day  by  day  to  the  sodiac,  and  when  it  reached  the  latter  part  of 
the  sign  LeO|  where  the  San  was,  it  disappeared. — (Gregoras,  Mittoria  JSysaMtiBOf 
XV.  V.  6.) 

[423.]  1847.  In  the  reign  of  Louis  of  Bavaria  a  comet  appeared  for  a  months.  la 
Italy  it  was  seen  during  15  days  in  August  in  16°  of  Taurus,  and  the  head  of  Medusa. 
— Jjhronieom  Nuremlmrgeiue.) 

[424.]  1856.  On  Sept.  ai  a  comet  was  seen  precisely  in  the  E.  at  1 7*^  in  the 
sidereal  division  of  v  Hydrse  ;  it  remained  visible  till  Kov.  4.  When  discovered 
it  was  near  a  Leonis,  and  had  a  tail  I  cubit  long  which  pointed  to  the  S.  W.— 
(^Gaubil;  Biot;  Williams,  71.) 

[425.]  1860.  A  comet  was  seen  in  the  K  for  a  few  days  from  March  25.— 
{Chronicon  Zvttlenae^  in  Pez*B  Collection ;  De  Mailla,  ix.  633.)  For  March  26 
Williams  (p.  71)  reads  March  12. 


[426.]  1862  (ii).  On  June  29  a  comet,  with  a  tail  i  cubit  long  pointing  to  the 
8.  £.,  was  seen  in  the  circumpolar  regions.  Its  R.  A.  was  a  -f^^  greater  than  that  of 
^  Caprioomi  [Biot,  9]W^]*  ^^  went  to  the  S.W.  On  July  6  the  lominooB  envelope 
swept  $  Draconis ;  on  Aug.  2  the  comet  had  disappeared,  having  lasted  5  weeks. — 
(Gaubil ;  Williams,  72.^  De  Mailla  says  that  the  comet  appeared  near  a  and  $ 
Capricorn],  and  that  its  tail  was  more  than  100  feet  long. — {HUt.  G€n.  ix.  640.) 
This  account  is  altogether  inreconcileable  with  GaubiKs.  Can  there  have  been 
3  comets  this  year,  or  does  not  De  Mailla  rather  refer  to  the  first  comet>  the  orbit  of 
which  has  been  calculated,  and  therefore  appears  in  Catalogue  1. 1 

[427.]  1868.  On  March  15  a  comet  appeared  in  the  E.  It  was  visible  daring  the 
current  moon. — (Biot ;  Williams,  73.) 

[428.]  1868.  In  February,  March  and  April,  a  comet  appeared  in  the  evening  in 
the  W.  or  N.W.  to  the  N.  of  the  Pleiades.— (Couplet ;  Walsingham,  JffUtoria 
AntfHcti.)  On  Feb.  7  a  comet  was  seen  in  the  sidereal  divisions  of  the  Pleiades  and 
<  Tauri.  On  April  7  a  comet  was  seen  in  the  N.W.  between  r, «,  p  and  a,  7,  tf  Persei ; 
the  tail  was  8°  long*  and  pointed  towards  0,  v,  ip  VretB  Majoris.  It  ultimately  dis- 
appeared to  the  N.  of  a  and  /3  Aurigae. — (Biot;  Williams,  74.) 

[429.]  1871.  On  Jan.  15  a  very  great  comet  was  seen  in  the  N.  Its  tail  was 
diroctea  towards  the  S. — (Bonincontrius,  Annales,  in  Muratori's  Collection,  vol.  xii.) 

[430.]  1878.  In  April — May,  three  [?]  comets  entered  the  circle  of  perpetual 
apparition. — (Biot.) 

[431.]  1876.  On  June  22  a  great  comet  appeared  in  Cetus  near  1,  0,  7;  it  tra- 
versed S,  c,  fc,  ¥  Piscium,  v  Persei,  entered  the  circle  of  perpetual  apparition,  swept 
$y  v,  <p  Ursie  Majoris,  and  directing  itself  towards  J,  c,  ir,  p  Draconis,  entered  the 
sidereal  division  of  i'*  or  39  Hydrse.  It  disappeared  on  Aug.  8. — (Biot* ;  Gaubil  ; 
Williams.  87.) 

[432.]   1880.     On  Nov.  10  a  comet  appeared. — (Cygnaeus,  Chronieon  Citizens.) 

[433-1  1882  (i).    On  March   30  a  comet  appeared. — (Botho^  Chronieon   Bram- 

vicenw.) 

[434.]  1882  (ii).  On  Aug.  19  a  comet  appeared  in  that  part  of  the  heavens  where 
the  Sun  sets  in  June.  It  lasted  for  15  days,  and  was  seen  2  hours  before  sunrise, 
though  these  two  latter  statements  may  be  open  to  doubt. — {Annales  Vicentini;  in 
Muratori*s  Collection,  vol.  xiii.) 

[435.]  1882  (iii).  In  December  a  comet  appeared  in  the  W.  for  more  than  a 
fortnight. — (WsJsingham,  Hintoria  Anglica,) 

[436.]  1888.  On  March  29  a  star  appeared  in  the  Eastern  part  of  the  sidereal 
division  of  7  Pegasi. — (Biot*  ;  Williams,  88.' 
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[437.]  1301.  In  May  a  small  comet  appeared  near  the  stars  of  Ursa  Major.  Its 
tail  was  not  very  bright. — {Annales  Forolivienses  ;  in  Maratori*B  collection,  vol.  xxii.) 
Biot  fays  that  2  comets  appeared  on  the  23rd  of  this  month  ;  one  entered  the  circle 
of  perpetual  apparition  between  a  and  1  Draconis  and  passed  to  the  S.  of  0  Draconis, 
and  the  other  passed  by  the  N.  of  Camelopardus  and  swept  the  Pole-star. — 
(Williams,  74.) 

[438.]  1399.  In  November  a  star  of  extraordinary  brilliancy  was  seen ;  its  tail 
was  turned  towards  the  W. ;  it  lasted  only  a  week. — (F.  E.  Du  Mezerai,  Histoire  de 
France.     Abridged  ed.,  4to.  Paris,  1668.) 

[439*1  1402  (i).  About  Feb.  8  a  comet  appeared,  which  afterwards  became  very 
brilliant,  so  much  so  as  to  be  visible  in  the  daytime.  It  lasted  till  the  middle  of  April. 
It  appears  to  have  been  in  the  8.  W.  when  first  seen,  setting  in  the  W.  At  the  be- 
ginning of  March  it  was  in  Aries,  and  was  seen  from  2\^  before  till  3**  after  sunset,  or 
even  later.  Subsequently  it  was  seen  in  the  N.W.  On  Palm  Sunday,  March  19,  its 
size  was  prodigious. — (Walsingham,  Mi»tor\a  Anglica  ;  Poggius,  HUtoria  Fiorentina, 
in  Muratori's  Collection,  vol.  xx  ;  Ebendoriferus,  Chronicon  Austriiicumf  in  Pex's 
Collection.)  The  daylight  visibility  of  this  comet  extended  to  8  days,  Uie  longest 
instance  of  the  kind  on  record. 

[440.]   1402  (ii).   From  June  to  September  an  immense  comet  was  visible  in  the  W. 

—  (Ducas,  Hisioria  Byzantina.  Fol.  Parisiis,  1649.)  The  descriptions  are  long,  but 
contain  nothing  of  practical  value.  The  comet  was  visible  in  the  daytime,  and 
perhaps  it  attained  its  maximum  brilliancy  at  the  end  of  August.  This  or  the  pre- 
ceding was  regarded  as  the  sig^,  by  some  even  the  cause,  of  the  death  of  John 
Gallius  Vieconti,  Duke  of  Milan. — {Annales  Forolirienfes.) 

[441.]  1406.  Sometime  between  January  and  June  a  comet  appeared  in  the  W. 
for  several  nights. — {Chronica  Brememet.) 

[442.]   1407.    On  Dec.  15  a  comet  was  seen. — (Biot ;  Williams,  75.) 

[443*]  1408.  On  Oct.  16  a  comet,  or  something  like  one,  was  seen. — (Antonios 
Petrus,  Diarium  Bomanum ;  in  Muratori's  Collection,  vol.  xxiv.) 

[444.]  1430  (i).  A  terrible  comet  appeared  on  Aug.  24. — (Kaempfer,  HUtotre 
du  Japon,  II.  v.)  On  Sept.  9  a  great  star  appeared  near  a,  /3  Canis  Minoris.  It 
lasted  26  days.— (Biot*  ;  WiUiams,  88.) 

[445.]  1430  (ii).  On  Nov.  14  an  extraordinary  star  was  seen  to  the  S.  of  d,  «,fi,  v 
Piscium.  It  went  to  the  S.  E.,  passed  near  1,  d, »;  Ceti,  and  disappeared  in  8  days. — 
(Biot* ;  Williams,  89.) 

[446.]  1431.  On  May  15  or  27  a  comet,  5  cubits  long,  was  observed  in  the 
Eastern  part  of  the  sidereal  division  of  /a  Geminorum. — (^Gaubil ;  Biot ;  Williams, 
75.)  Is  this  identical  with  the  **  star*'  seen  on  Jan.  3  near  11  Eridani  which  lasted 
15  days  ? — (Williams,  89.) 

[447.]  1432.  On  Feb.  2  a  comet,  about  10°  long,  appeared  in  the  E.  It  swept  the 
region  near  a  Cygni,  and  went  to  the  S.  E.  On  Feb.  12  it  began  to  disappear.  On 
Feb.  29  another  comet  [doubtless  the  same  after  its  PP.]  became  visible  for  17  days. 

—  Biot ;  Williams,  75.)  It  lasted  8  days,  and  its  tail  pointed  from  E.  to  N.— 
(Michovius,  Chronica  Polonorum,  IV.  xlvii.)  Williams  has  some  doubt  whether 
for  Feb.  29  we  should  not  read  Oct.  26,  in  which  case  there  were  a  comets 
in  1432. 

[448.]  1436.  James  I.  of  Scotland  was  assassinated  on  Feb.  20,  1437.  Daring  the 
previous  autumn  a  comet  was  seen, — (Boethlus,  Historia  Scotorum,  xvii.) 

[449.]  1439  (i).  On  March  25  a  comet  was  seen  in  the  sidereal  division  of  v  Hydre, 
It  went  to  the  W.,  and  swept  £,  ^,  u  Leonis  and  «,  £  Cancri.  It  then  went  to  the  N., 
and  parsed  into  the  sidereal  division  of  0  Cancri.  On  April  2  it  had  a  tail  5  cubits 
long.— (Biot.)     Williams  (p.  76)  makes  the  tail  50  cubits  long. 

[450.]  1430  (ii\  On  July  1 2  a  comet,  about  10''  long,  appeared  near  the  Hyades 
for  7*  weeks.  It  pointed  to  the  S.  W.— (Biot ;  Williams,  76.)  Perhaps  the  preceding, 
after  its  PP.  A  comet,  lasting  I  month,  was  seen  this  year  in  Poland,  between  the 
W.  and  the  S.— (Dlugossus,  IHstoria  PolonicOf  xii.)   In  Japan  also  a  comet  was  seen. 

—  .Kaempfer,  Hisfoire  du  Japon,  II.  v.) 
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[451.]  1444.  A  comet  appeared  about  the  time  of  the  summer  lolstioe  :  on  June 
15,  according  to  others. — (G.  Fabricius,  Berum  Ger mania... MemorabUium,)  On 
Aug.  6  a  comet,  10°  long,  was  seen  to  the  £.  of  /3  Leonis.  It  became  longer  day  by 
day  till  Aug.  15,  when  it  entered  the  sidereal  division  of  a  Yirginis,  and  disappeared. 
— (Biot ;  Williams,  76.) 

[45a.]  1452.  In  March — April  a  comet  appeared  near  the  Hyades. — (Gaubil.) 
On  March  5  a  comet  appeared  in  the  sidereal  division  of  c  Tauri. — (Biot ;  Williams, 
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[453*1  1453.  On  Jan.  4  an  extraordinary  star  appeared  near  the  nebula  in  Cancer. 
It  went  slowly  Westwards. — (Biot*  ;  Gaubil ;  Williams,  89.) 

[454.]  1454.  In  the  summer  a  comet  like  a  sword  became  visible  in  the  evenings 
after  sunset. — (Phranza,  Chronicon  De  Rebus  ConsiautinopolitanU,  viii.  Fol.  Venetiis, 

1733.) 

[455*1  1-457  (i).  At  the  commencement  of  the  year  a  comet  appeared. — (Pontanoiiy 
Hufiot'ia  GelricOy  ix.)  Between  Jan.  14  and  23  a  comet,  ^  cubit  and  more  long, 
appeared  in  the  sidereal  division  of  c  Tauri.  It  went  to  the  S.  £. — (Biot ;  Williams.) 
Celoria  on  the  strength  of  some  information  given  in  a  MS.  by  one  Toecanelli  pre- 
served in  the  National  Library  at  Florence  calculated  an  orbit  for  this  comet  as 
given  at  the  end  of  Catalogue  I.,  ante, — {Ast.  Nach,,  vol.  cr.  No.  2627.  Nov.  3, 
1884.) 

[456.]  1457  (n).  In  June  a  comet  appeared  in  the  20th  degree  of  Pisces. — 
{Chronicon  Nuremburgtntiet  and  others.)  The  conclusion  seems  unavoidable  that 
there  were  2  comets  in  June,  and  that  this  is  not  identical  with  the  one  computed  by 
Hind.  This  doubt  has  been  confirmed  by  Celoria,  who  found  in  To8canelli*s  MS. 
materials  for  the  orbtt  given  at  the  end  of  Catalogue  I.,  ante,  {Aet»  Nock.,  vol.  ex. 
No.  2627.  Nov.  3,  1884.) 

[457*1  1457  (iv).  On  October  26  a  comet  i  cubit  long  appeared  in  the  sidereal 
division  of  a  Yirginis.     It  passed  near  {  and  0  Virginis. — (Williams,  78.) 

[458.1  1458.  On  Dec.  24  a  star  appeared  in  the  sidereal  division  of  a  Hydne ;  it 
went  to  the  W.  till  Dec.  27,  when  it  became  faint :  it  was  near  a,  7,  (,  1;  Leonis. 
On  Dec.  31  it  had  a  tail  j  cubit  long  ;  it  *^  attacked  "  X  (or  tp)  Cancri.  On  Jan.  12, 
1459,  it  disappeared  in  the  Eastern  part  of  the  sidereal  division  of  ft  Geminornm. — 
(Biot  * ;  Williams,  89.) 

[459*1  1458  or  1459.  Probably  the  former.  In  June — July  a  comet  appeared  in 
Taurus  (?). — (De  Mailla,  x.  236 ;  A.  Rockenbackius,  Exempla  Comeiarum.) 

[460.]  1460.  JamcH  II.,  King  of  Scotland,  was  killed  on  Aug.  3,  1460.  The 
evening  before,  a  very  brilliant  comet  with  a  long  tail  was  seen. — (Boethius,  Migtoria 
Scot.rum^  xviii.) 

[461.]  1461.  On  July  30  a  white  star  appeared  near  1c ^  Z,  g  Tauri  Poniatowskii. 
On  Aug.  2  it  transformed  itself  into  a  vapour,  and  disappeared. ~  (Biot  *.)  On  Ang. 
5,  a  comet  was  seen  in  the  £.  It  pointed  to  the  S.  W.  It  entered  the  sidereal 
division  of  11  Geminorum.  On  Sept.  2  it  began  to  disappear. — (Williams,  79.)  These 
accounts  do  not  seem  reconcileable. 

[462.]  1463..  In  this  year  (no  month  assigned)  a  comet  was  seen  near  r  and  v 
Virginis. — (Gaubil.) 

[463.1   1464.    In  the  spring  a  comet  was  seen  in  Leo. —  (Gaubil.  j 

[464.]  1465.  In  March  and  April  a  comet  was  seen,  with  a  tail  30'^  long,  in  the 
N.  W. — (Biot ;  W^illiams,  79  ;  Kaempfer,  Histoire  du  Japan,  II.  v.) 

[465.]  1467.  In  October  a  comet  was  seen  above  Pisces,  ''as  if  it  had  been 
formed  in  Cancer."  Bainy  weather  prevented  its  being  often  seen. — {Chronicon  S, 
^gidii  Bi-unsiHcensia.)  Pingre  does  not  seem  to  attach  much  credibility  to  this 
account. 

[466.]   1468  (i).   On  Feb.  24  a  comet  was  seen  near  Ursa  Major. — (Gaubil.) 

'467.1   1471.    In  the  autumn,  in  Poland,  a  very  great  comet  was  seen.     It  rose 
fore  sunrise.     It  was  in  the  latter  part  of  Virgo  and  in  Libra,  and  lasted  a  month. 
— (Michoviutf,  Chronica  Potonornin.  IV.  Ixii.) 
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[468.]  1476.  From  Dec.  1476  to  Jan.  5,  1477,  a  small  comet  was  visible. — 
(Ripamontios,  Hiatorla  UrbU  M»du>l<inenn»^  vi.) 

[469.]   1477.   In  December  a  comet  appeared. — {Chronica  Bowiana,) 

[470.]   1478.   In  September  a  great  comet  appeared. — (Chronica  B(ngiana.) 

[471.]  1405.*  On  Jan.  7  a  star  was  seen  near  0,  p  Ophiachi ;  it  travelled  with  a 
slow  motion  tiU  Feb.  20,  when  it  entered  the  division  of  a  Aquarii. — (Biot) 

[472.]  1502.*  On  Nov.  38  a  star  appeared  near  Pyxis  Kaatica.  From  the 
division  of  v'  Hydrse  it  directed  itself  towards  that  of  a  (>ateris.  On  Dea  8  it  dis- 
appeared. — (  Biot.) 

[475.]  1508.  At  about  the  time  of  the  Festival  of  the  Assumption  of  the  Virgin 
Mary  [Aug.  15]  a  comet  was  seen.  Its  tail  pointed  towards  Uie  £. — (Chronicom 
Waldsassense.) 

[474. ]  1505.  A  comet  was  peen  in  Aries.  It  lasted  only  a  few  days. — (Mixaldos, 
Cometographia.   4to.  Parisiis,  1549.) 

[475.]  1512.  In  March  and  April  a  comet  appeared. — {fihronicim  Magdehat' 
gense.) 

[476.]  1518.  From  Dec.  15 13  to  Feb.  3i,  15 14,  a  comet  was  visible.  It  passed 
from  the  end  of  the  sign  Cancer  to  the  end  of  that  of  Virgo,  and  was  seen  all  night. 
— (Vicomercatus,  Comment  a  rii  in  lib.  Aristotel.  Meteor.,  xlix.) 

[477.]  1516.  The  death  of  Ferdinand  the  Catholic,  King  of  Arragon  (Jan.  23), 
was  announced  by  a  comet,  which  lasted  many  days. — (P.  Bisarus,  Hietoria  Oenuen- 
m,  xix.  446.)     Others  say  that  the  comet  was  only  visiole  for  a  few  days. 

[478.]  1518.  Daring  the  nights  preceding  April  6  a  pale  comet  was  seen  above 
the  citadel  of  CVemona.— (Cavitellius,  Annale*  Cremoncneee.) 

[479.]   1520.   In  February  a  comet  appeared. — (Biot ;  Williams,  83.) 

[480.]  1521.  In  April  a  comet  with  a  short  tail  appeared  in  the  latter  part  of 
Cancer. — rVicomercatus,  Comment,  in  Arisiot,  xlix  ;  Lubienits.)  Month  and  position 
depend  only  on  modem  authority.  On  Feb.  7  a  star  appeared  in  the  S.  £. ;  it  was  6^ 
or  f  long :  it  went  from  £.  to  W.,  and  divided  itself.— (Biot.*)  Oaubil  alludes  to 
this,  but  his  description  was  supposed  by  Pingr^  to  belong  to  Jupiter. 

[481.]  1522.  A  comet  was  seen  in  the  W. — (Mizaldus,  Cometograpkia,  IL  xi.) 
No  month  given. 

[48a.]   1528.   In  July  a  comet  was  seen  near  a  Ophiuchi. — (Biot ;  Williams,  82.) 

[483.]  1529.  In  February  a  long  star  traversed  the  sky.  This  phenomenon 
renewed  itself  in  August. — (Biot.*)  European  writers  mention  a  comet  in  August, 
but  Fingr^  considers  Uiat  their  descriptions  belong  to  an  aurora. — {ComU.,  i.  480.) 

[484.]  1580.  On  Nov.  30  a  comet  was  seen. — (Conradus  Unpeigensis,  Ckronieon, 
Fol.  Ai^entorati,  1609.) 

[485.]  1532.  A  comet  appeared  in  the  spring. — (Gaubil.)  On  March  9  a  star 
with  a  tail  appeared  in  the  8.  £.    After  19  days  it  disappeared. — (Biot  *  ;  Williams, 

92.) 

[486.]  1584.  A  comet  appeared  in  July. — (Cavitellius,  Annalu  Cremantmiee,) 
On  June  I3  a  star  was  seen  near  «  Cygni,  «  Andromedss,  &c;  it  passed  by  0 
Andromede,  and  entering  y,  £,  o,  v  CassiopeisB,  disappeared  after  24  days. — (Biot  * ; 
Williams,  93.) 

[487.]  1586.  On  March  34  a  star  was  seen  near  fi,  7  Draoonls.  It  went  East- 
wsjtis,  and,  passing  to  the  W.  of  8,  «,  v,  {  Draconis,  came  to  the  Milky  "Way,  and 
disappeared  on  April  27.— (Biot*;  Williams,  93.) 

[488.]  1588.  On  Jan  17  P.  Apian  saw  a  comet,  with  a  tail  30""  long,  in  5°  of 
Pisces,  with  a  latitude  of  17^  N.  On  the  22nd  Gkmma  Frisius  observed  it  in  9°  of 
Pisces,  with  a  latitude  of  1 1"^  N.<— (Pingr^,  Comit.,  i.  495.) 

[489.1  1580.  On  April  30  a  comet,  with  a  tail  3°  lonff,  was  seen.  It  remained 
visible  for  3  weeks,  and  swept  a  and  7  Leonis. — (Biot ;  Wuliams,  83.)    On  Biay  1 1  (?) 
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Gemma  Friidus  observed  it  in  5°  of  Leo,  with  a  latitude  of  12°  N.  On  May  17,  at 
io*>  in  the  evening,  its  position,  aoo6rding  to  Apian's  observations  reduced  by  Ptngr^, 
was  20°  of  Leo,  with  a  latitude  of  4^°  S. — (Pingre,  Comity  i.  500.) 

[490*]  1545.  A  comet  was  seen  for  several  days.  No  month  is  given. — (Aretins, 
Breda  Cotnetarum  Explicatio.)  On  Dec.  26  a  comet  appeared  near  /S,  7  Draoonit ; 
it  entered  the  sidereal  division  of  8  Sagittarii,  and  returned  to  the  N.  E.  It  dis- 
i^peared  at  the  end  of  the  Moon. — (Biot  * ;  Williams,  9a.) 

[491.]  1554.  On  July  23  a  comet  was  seen,  which  passed  firom  8  to  tf,  v,  ^  UrssB 
Majoris,  and  thence  to  a  Serpentis.     It  lasted  4  weeks. — (Biot ;  Williams,  85.) 

[492.]  1557.  In  October,  the  Sun  being  in  Libra,  a  comet  was  seen  in  the  W.,  in 
Sagittarius. — ^^J.  Camerarius,  Cometa.  8vo.  Lipsise,  1558.)  On  Oct.  2a  it  was  seen 
hear  X  Ophinchi ;  it  pointed  to  the  N.  E.  It  lasted  till  the  next  moon. — (Biot.)  For 
*  Oct.  32  '  Williams  reads  *  Oct.  10/  and  for  *  N.  K'  he  reads  *  N.  W.* 

[493*1  1660.  In  December  a  comet  appeared  for  a  month. — (J.  A.  Thuanos, 
HUUiria  sui  temporis,  xxvii.  11.  Fol.  London,  1733.) 

[494.]  1569.  In  November  a  comet  was  seen  in  Ophiuchus  and  in  the  signs 
Sagittarius  and  Capricomus.  Its  movement  in  longitude  equalled  the  extent  of  these 
3  signs,  and  it  remained  visible  till  Nov.  19. — (Kepler,  De  Cometis,  114.)  It  lasted 
firom  Nov.  9  to  Nov,  28. — (Biot ;  Williams,  84.) 

[495.]  1578.  On  Feb.  22  a  star  as  large  as  the  Sun  appeared. — (Biot* ;  Williams, 
93.)  European  writers  mention  a  comet  and  a  hairy  star,  the  latter  on  April  i.  As 
Tycho  Bi*ahe*s  comet  of  1577  remained  visible  till  January  1578,  Pingr^  thinks  that 
that  is  the  object  described  as  the  comet  of  1578 :  the  hairy  star  of  April  he  oon>. 
siders  to  have  been  a  meteor. 

[496.]  1570.  ''On  the  10  of  October  (some  say  on  7)  appeared  a  biasing  star  in 
y*  South,  brushing  towards  y*  East,  which  was  nightly  seene  diminishing  of  his 
brightness  until  y*  2iBt  of  y*  same  month." — (Stowe,  Chronicles.) 

[497.]  1501.  On  April  3  a  comet,  i  cubit  long,  was  seen.  It  traversed  the 
sidereal  divisions  of  a  Aquarii,  a  Pegasi,  and  7  Pegasi,  increasing  in  length  to  2°. 
On  April  13  it  entered  the  sidereal  division  of  /3  Arietis. — (Biot;  Williams,  85.) 

[498.]  1604.  On  Sept.  30  a  large  star  like  a  ball  appeared  in  the  sidereal  division 
of  /A^  Scorpii.  It  vanished  in  the  S.  W.  in  November.  On  Jan.  14,  1605,  it  reap- 
peared in  the  S.  E.     About  March  it  became  dim. — (Biot*  ;  Williams,  93.) 

[499.]  1600.  A  great  star  appeared  in  the  S.  W.  The  tail  had  4  rays. — (Biot  *  ; 
Williams,  93.) 

[500.]  1618  (ii).  Between  Nov.  10  and  26  a  comet  was  seen  by  Figueroes  at 
Ispahan,  coincidently  with  the  apparition  of  comet  iii.  of  this  year.  In  consequence 
of  the  comet*s  Southerly  motion  the  head  was  not  generally,  if  at  all,  seen  in  Europe 
— only  the  tail.  Kepler  and  Blancanus  were  the  chief  observers  who  saw  the  latter. 
Kevler  ffues9e(l  that  on  Nov.  10  the  nucleus  was  in  16^  of  Scorpio,  with  a  latitude  of 
8°  S. ;  and  that  on  Nov.  20  it  was  near  the  head  of  Centaur.  At  Rome  the  tail  was 
seen  to  be  40°  long  on  Nov.  18.  It  was  last  seen  on  the  29th.  The  observers 
(Jesuits)  note  that  in  1 1  days  the  proper  motion  of  the  tail  caused  it  to  pass  over  24'^ 
firom  Crater  towards  a  Hydwe. — (Pingr^,  Cornet. j  ii.  57.)  On  Nov.  24  a  white  vapour 
20  cubits  long  was  seen  in  the  S.  E.  It  extended  across  the  sidereal  division  of 
7  Corvi.  It  entered  the  sidereal  division  of  a  Crateris  and  disappeared  after  19  days. 
(Williams,  93.)  The  Chinese  record  **  a  star  like  a  white  flower''  as  being  visible  on 
Dec.  5  of  this  year.  It  may  be  well  to  mention  here  that  Cooper,  in  his  Cometie 
Orfnts  (p.  77),  appears  to  have  fallen  into  a  mistake  relative  to  the  comets  of  this 
year,  which  .others  have  copied.  He  gives  the  elements  of  the  iii*^^  comet,  and 
appends  notes  referring  to  the  iii^*^  and  iii*^*^  as  if  they  were  one  and  the  same 
object. 

[501 .]  1610.  In  February  a  comet  was  seen  in  the  S.  E. :  it  was  100  cubits  long, 
curved  and  pointed. — (Biot;  Williams,  87.) 

[502.]  1625.  From  Jan.  26  to  Feb.  1 2  a  comet  was  observed  by  Schickhardt  in 
Eridanus  and  Cetus. — {Astronomixche  Nachrichten^  vol.  ii.  No.  31.  April  1823.)  It 
was  Olbers  who  rescued  this  comet  from  oblivion. 
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[503.]  1628.  A  comet  appeared,  mentioned  by  Ripamontias. — {AHronomigcke 
Nachrickteny  vol.  xii.  No.  277.   April  29,  1835.) 

[504.]  1680.  A  comet  appeared  ;  also  mentioned  by  Ripamontias,  and  by  him 
associated  with  a  pestilence.— (i4«^ronomMc^  Naehriehten,  vol.  xii.  No.  277.  April 
39»  1835.) 

[505.]  1680.  On  Oct.  27  a  comet  with  a  small  tail  was  seen  in  Canis  Major  by 
Placidus  de  Titis. — (Asfronomischf  Naehriehten^  vol.  viii.  No.  171.  January  1830.) 
In  the  aatumn  a  comet  was  seen  in  the  sidereal  division  of  d  Ononis. — (Biot ; 
Williams,  87.) 

[506.]  1640.  On  Dec.  12  a  comet  was  seen. — (Biot;  Williams,  87.)  Perhaps 
it  is  to  this  comet  that  allusion  is  made  by  Evelyn,  who  speaking  of  the  comet  of 
1680  says  that  one  was  seen  about  the  trial  of  the  Eaxl  of  Strafford  in  1640. — {Diary, 
ed.  Bray,  London,  1850,  vol.  ii.  p.  154.) 

[507.]  1647.  On  Sept.  29  a  comet  was  seen  soon  after  sunset  in  Coma  Bereniois. 
Its  longitude  was  188^  and  its  latitude  +  26^.  It  was  12^  long  and  lasted  one  week, 
traversing  Bootes,  Northwards  of  Arcturus,  to  Corona  Boreadis,  in  a  line  sensibly 
parallel  to  the  equator. — (Hevelius,  Cometographiaf  p.  463.) 

[508.]  1666.  Robert  Knox  in  a  book  on  Ceylon  published  at  Utrecht  in  1692  says 
that  the  tail  of  a  comet  was  seen  in  Ceylon  m  1666. — {Monatliche  Correspondem^ 
vol.  xxviii.  p.  428.) 

[509.]  1600  (ii).  On  Oct.  26  Gottfried  Kirch  observed  a  faint  comet  in  the  poop 
of  Aigo ;  in  longitude  122°  34',  and  latitude  —  40^  38'.  It  was  visible  to  the  naked, 
eje,  and  its  motion  was  sensibly  Southwards.  Kirch  was  unable  to  find  it  on  any 
sulHiequent  night. — {Miscellanea  Berolinensiay  v.  50.) 

[510.]  1702  (i).  Numerous  navigators  in  the  Southern  hemisphere  report  seeing 
a  comet  between  Feb.  20  and  March  i.  On  Feb.  28  the  tail  was  43^  long.  At 
8  P.M.,  in  latitude  15°  10'  N.,  and  longitude  116°  45'  £.  of  Teneriffe,  the  comet  bore 
S.  of  W.  20°  30',  altitude  8^  40'.  On  all  occasions  it  was  seen  in  the  evening,  after 
sunset.  Maraldi  at  Rome  saw  the  tail  for  several  days  at  the  end  of  February  and 
the  beginning  of  March. — (Struyck,  Vervolg  van  de  Beech r tfving  der  Staarts Sternen, 
4to.  Amsterdam,  1753,  p.  50.) 

[511.]  1782.  On  Feb.  27  a  comet  was  seen  above  Spica  Virginis  by  Hanow,  prob- 
ably at  Danzig. — {Monatliche  Corre^ipomlem,  vol.  xxviii.  p.  430.) 

[512.]  1788.  On  May  17  and  18  a  comet  was  seen  by  several  navigators  off  the 
Cape  of  Good  Hope,  bearing  N.  W.  ^ W.  It  was  observed  for  more  than  an  hour, 
until  it  went  below  the  horizon. — .Struyck,  Verrolg,  p.  61.)  Its  place  was  R.A.f 
()h  :^m  .  Decl.  +  1 8"  35'.  The  comets  of  1807  <^^  '^81  ^iii.)  cannot  have  been  identical 
with  it. — (Oudemans,  Copernictie,  vol.  i.  p.  207.) 

[513*]  1742  (ii).  On  April  11,  in  the  morning,  a  comet  was  seen  in  the  S.E.  by 
several  Dutch  navigators  at  sea  in  the  Southern  ocean.  On  April  14  the  tail  wa« 
30°  long. — (Struyck,  Vervolg.) 

[514.]  1748  (iii).  On  April  24  a  Dutch  navigator,  at  the  Cape  of  Good  Hope, 
saw  a  comet,  at  the  beginning  of  Aries,  rise  in  the  E.  |N.E.  at  4**  a.m.  This  is 
probably  the  comet,  rendered  invisible  at  the  Cape  by  a  Northerly  motion,  which 
iCindermanns  saw  on  April  28,  at  2^  a.m.,  at  an  elevation  of  8^^  above  the  horizon, 
in  a  straight  line  with  (it  would  seem)  h  and  17  Trianguli  and  the  brightest  star 
of  Aries,  in  Longitude  8o^  Latitude  4-  28°,  and  Declination  -¥  50°.  On  May  3, 
between  11**  and  midnight,  the  comet  was  near  Perseus,  and  circumpolar. — (Stmyck| 
Yervolgy  p.  100.) 

[515.]  1750.  Between  Jan.  21  and  25  Wargentin  observed  a  comet  below  <  and  $ 
Pegasi.— (7"a6/e#  Aetroiwmiquee  de  Berlin,  i.  35.) 

[516.]  1770.  Returning  from  observing  the  Transit  of  Venus  at  Wardohrs,  Hell 
and  Sainovics  saw  at  Copenhagen  on  March  19,  at  1 1  P.M.,  a  oomet  in  the  North - 
East.  It  was  searched  for  in  vain  at  the  Copenhagen  Observatory,  March  20  to  26, 
but,  as  pointed  out  by  Olbers  {Aet,  Nnck.,  vol.  xii.,  Nos.  273,  275,  Feb.  1 1,  March  7, 
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1S35),  too  early  in  the  evening,  as  the  oomet  was  probably  approaching  the  Son  and 
would  rise  later  every  evening. 

[517]  1788  (ii).  On  Dec.  18,  1783,  Sir  W.  Herschel  obberved  a  nebula  i"  pre- 
ceding S  Ceti,  and  ^"^  N.  of  that  star.  He  describes  it  as  **  small  and  cometic*'  In 
his  son's  great  Cataio^ue  of  NebuUsy  1864,  this  object  is  set  down  as  really  *  oomet, 
not  having  been  since  found,  though  looked  for. 

[518.]  1808  (i).  On  Feb.  6  Pons  discovered  a  small  faint  comet  between  tlie  neck 
of  Serpens  and  the  needle  pointer  of  Libra.  It  was  only  visible  for  3  days,  beooaung 
Io8t  in  the  moonlight.  Its  movement  was  rapid  and  towards  the  S. — {JfomatUeke 
CorrMpondenZf  \ol.  xyUi.  p.  352.  Sept.  1808:  Ast.  Nach»,  vol.  viL  No.  149.  Jan. 
1839.) 

[519.]  1808  (iv).  On  July  3  Pons  discovered  a  comet  in  Camelopardns :  it  was 
observed  only  on  that  night  and  July  5.  Its  position  on  July  3,  at  15*  4"'  a6* 
Marseilles  M.T.,  was  R.A.  3»»  10™  io«,  and  Decl.  +  56°  36':  on  July  5  at  15*  8«  58* 
the  R.A.  was  z^  31™  46",  and  Decl.  +  58°  19'.^ — {Monutliche  Correspondent,  vol.  xriiL 
p.  249.    Sept.  1808.) 

[520.]  1880.  On  July  14  and  17  an  extremely  faint  comet  was  seen  *t  the 
Boman  College.  It  was  in  Draco,  and  appeared  like  a  double  nebula^  or  as  if 
divided  into  2  branches.  The  following  positions  were  taken:  July  14^  10^  i™, 
R.A.  12^  9'»  41",  Decl.  +  70°  28*6';  July  17^  lo**  6»  R.A.  ii«»  50«  27*,  DecL  +  70'' 
39*3'. —  {Memoria  .  .  .  OsservazionifatU  ...  in  CoUegio  HomanOj  1839,  P«  S^O 

[521.]  1846  (iz).  On  Oct.  18  Hind  observed  a  comet  in  Coma  Berenicis  for  more 
than  an  hour.  Its  altitude  was  small,  and  being  in  the  morning  twilight  it  was 
never  seen  again.  Its  exact  position  at  i6»»  15"  ii«  G.M.T.  was  R.A.  11^  59™  49», 
Decl.  +  14°  59'  32".  Its  motion  was  increasing  in  R.A.  at  the  rate  of  about  4">  a 
day,  and  diminishing  in  Decl.  at  the  rate  of  about  1 1'  a  day. — {Month.  Not.,  vii.  i6a. 
Nov.  1846.) 

[522.]  1840  (iv).   On  Nov.  15,  at  sea,  in  the  S.  Atlantic,  a  oomet  was  seen  from 
the  U.  S.  Ship  Maryland^  with  a  nucleus  as  bright  as  Mars,  and  with  a  tail,  curved 
and  pointing  to  the  S.W.,  nearly  1°  long.     From  the  notes  of  Captain  Homer,  Mr. 
Hind   worked  out   the   following  position:    at  9'*   49™  G.M.T.,   R.A.  ao**   36-6" 
Decl.  +  4°  18'. — {Month.  Not.y  x.  122  and  192.  March,  Ac,  1850.) 

[523.]  1854  (iii).  On  March  16  a  bright  nebulous  object  was  seen  by  Brorsen. 
Its  position  at  8'»  15"  34*  Senflenburg  M.T.  was:  R.A.  2^  30™  12%  and  Decl.  +  1** 
11*2'. — {AH.  Nach.,  vol.  xxxviii.  No.  897.     March  27,  1854.) 

[524.]  1855  (ii).  On  May  16,  whilst  searching  for  Di  Vioo^s  comet,  Goldschmidt  at 
Paris  found  a  comet  in  R.A.  21*^  41™  45",  Decl. -15°  38',  which  he  announced  as 
positively  the  missing  comet  {Ast.  Nach.y  vol.  xli.  No.  978.  Aug.  25,  1855).  No 
confirmation  of  the  discovery  was  obtained,  and  astronomers,  though  they  did  not 
doubt  that  a  comet  had  been  seen,  decidedly  doubted  that  it  was  the  periodical  comet 
of  Di  Vico  which  Goldschmidt  had  found.  Twelve  years  afterwards  Winnecke 
claimed  to  have  cleared  up  the  uncertainty  by  determining  that  the  comet  seen  by 
Goldschmidt  was  a  prior  return  of  comet  ii.  of  1S67  {Ast.  Ntuh.^  vol.  Ixix.  No.  1645. 
June  20,  1867)  :  but  this  theory  has  been  distinctly  disproved  by  Von  Asten  {Ast. 
Nach.f  vol.  Ixxxii.  No.  1962.     Nov.  3,  1873.) 

[53.^0  1856  (i).  In  January  a  comet  was  seen  in  the  N.W.  sky  at  Panama. — 
(Letter  in  the  Morning  Herald.     Month.  Not.,  vol.  xvii.  p.  114.     Feb.  1857.) 

[526.]  1856  (ii).  On  Aug.  7  an  object,  supposed  to  be  a  comet,  was  seen  in 
Virgo  by  E.  J.  Lowe. — {Month.  Not.,  vol.  xvii.  p.  114.  Feb.  1857.)  A  comet  was 
also  seen  at  Arequipa,  in  Peru,  for  a  fortnight  previous  to  Aug.  21  for  2  hours  after 
sunset. — (Letter  in  the  Times,  Oct.  8,  1856.) 

[527.]  1850  (i).  In  Feb.  a  very  faint  comet  was  seen  by  Slater,  in  R.A.  1 1**  48" : 
Ded.  +  19*^  49'.  He  saw  it  again  on  May  7  and  22,  when  it  had  become  fainter, 
not  being  visible  with  any  aperature  below  11^  inches.  Its  movement  was  very 
slow,  and  seemed  to  be  in  a  northerly  direction. — {Month.  Sot.,  vol.  xix.  p.  291.  June 
1859.) 
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[528.]  1860  (v).  On  November  14,  TntUe  at  Cambridge  U.S.  observed  a  very 
faint  comet  near  the  Pole-Star.  It  was  not  questioned  till  8  yean  afterwards 
but  that  this  was  identical  with  comet  iv.  of  i860. — {A»t.  Naeh.,  vol.  Iv.  No.  1301. 
March  30,  1861 :  t6.,  vol.  Ixxiii.  No.  1734.  Jan.  16,  1869:  16.,  vol.  Ixxiii.  No.  1740. 
Feb.  16,  1869:  t6.,  vol.  Ixxv.  No.  1787.    Jan.  13,  1870.) 

[539.]  1865  (ii).  Encke's  comet.  This  object  was  discovered  by  Tobbutt  at  Windsor, 
N.S.W.,  on  June  34.  It  was  very  fiunt,  and  was  seen  only  on  that  occasion  and  on 
June  39.  Its  observed  place  on  ike  a4th  is  noted  to  have  differed  very  much  from 
that  assigned  by  calculation. — {Ast.  Nuch.,  vol.  Ixv.  No.  155 1.  Oct.  6.  1865.) 

[530  and  531.]  1865  iii.  and  iv.  (?).  On  Aug.  37,  two  comets  were  seen  by  [E.  J.] 
Lowe  at  8»»  30"  p.m.  The  position  of  the  first  wa?,  R.  A.  15**  15":  DecL  — 3°  50. 
And  of  the  second,  R.A.  15**  o™:  Decl.-7°  30'.  "From  an  account  I  see  in  the 
newspapers  of  a  comet  seen  at  3**  45™  a.m.  in  the  E.  *  tkree  days  ofjo  *  [no  date  given !] 
I  have  little  doubt  this  is  one  of  the  comets  I  saw  in  August." — {Month.  Not.,  vol. 
XXV.  p.  378.    Oct.  1865.)     [This  is  a  very  slovenly  record.] 

[533]  1871  (vi).  On  December  39,  at  6^  1$^  Milan  M.T.,Tempel  observed  a  faint 
comet  in  R.A.  I9*»  51™  33«:  Decl.  +  29°  $6\^{Ast.  Naeh.,  vol.  Ixxviii.  No.  187a. 
Jan.  3,  1873.) 

[533*]  1872.  On  Dec.  2,  Pogson  at  Madras,  in  consequence  of  a  telegram  from 
Kliukerifues  of  GOttingen  (in  these  words,  "Biela  touched  Earth  on  Nov.  37  ;  search 
near  0  Centauri  **),  sought  and  found  a  comet.  At  17^  31™  Madras  M.T.  its  R.A.  was 
1 4*'  7"  1 3» ;  Decl.  -  34  45'.  It  was  **  bright,  circular,  about  45"  in  diameter :  a  very 
decided  nucleus,  but  no  tail  discernible  in  strong  twilight  and  cloudy  sky.**  On  the 
following  morning  at  17**  3™  the  comet  was  seen  again  in  R.A.  14^  3i">  55* :  Decl. 
—  35°  V*  The  description  was,  **  bright,  round,  and  about  75''  in  diameter.  A  short 
faint  tail  seen  about  7*4'  in  length.**  Bad  weather  and  the  advance  of  twilight 
rendered  subsequent  observations  impossible.  This  was  presumed  to  have  been  the 
long- lost  Biela' s  comet,  but  the  idea  has  been  disproved  by  Bruhns. — {Month,  Not., 
vol.  xxxiii.  p.  116.  Dec.  1873:  Att.  Nach.,  vol.  Ixxx.  No.  1918.  Jan.  16,  1873: 
ib.,  vol.  Ixxxiv.  No.  3304.    Aug.  11,  1874:    ib.,  vol.  Ixxxvi.  No.  2054.    Sept.  10, 

1875-) 

1534-]  1880.  On  Aug.  1 1,  Mr.  L.  Swift  at  Rochester,  State  of  New  York,  saw  a 
nebulous  object  in  the  field  with  the  nebula  Ijl  I  363.  No  motion  could  be  detected 
during  the  period  of  an  hour.  Bad  weather  followed,  and  the  object,  whatever  it  was, 
was  not  seen  again.  Its  position  on  Aug.  11  was  somewhere  about  R.  A.  11^  38*; 
Decl. +  68°. — (AH.Nach.,  vol.  xcviii.  No.  2334.  Sept  ii,  1880.) 

[535*1  1881.  On  May  1 3  a  faint  comet  was  seen  by  Barnard  at  Nashville,  Tennessee, 
in  U.A.  22^  59'3™>  Decl.+  14°  34' ;  that  is,  in  the  field  with  and  very  near  a  Pegasi. 
It  was  again  seen  on  the  following  night,  in  R.A.  33i>  58*9*",  Decl. -t- 14°  36',  but  no 
trace  of  it  could  be  obtained  subsequently. — (Ast,  Nach.,  vol.  c,  No.  3384.  July  26. 

1881.) 

[53^0  1883.  On  Dec.  35,  and  again  on  Dec.  27,  a  comet  was  seen  with  the  naked 
eye  in  Tasmania,  according  to  testimony  seemingly  trustworthy.  Kreuts  by  collating 
the  information  given  arrived  at  the  foUowing  positions : — 

Local  Time.  R.  A.  S 

h.    in.  h.  ° 

Dec.  24         ...  15     o         14-8  6 

26         ...  16     6  16-5  O 

(Ajtt.  Nach.,  vol.  cviii.  No.  2591,  May  8,   1884;  Tebbutt,  Observatory,  vol.  vii.  p. 
116,  April,  1884.) 

[537]  1882.  On  the  occasion  of  the  Eclipse  of  the  Sun  on  May  16  a  comet  was  seen 
with  the  nakeii  eye  in  Egypt  near  the  Sun  during  the  total  phase  by  Tr^pied.  Its 
existence  was  also  recorded  on  several  phot<^^phs  taken  by  Lixskyer.  It  was  distant 
from  the  Sun  about  the  amount  of  the  Sun*s  diameter,  and  had  a  tail  about  }°  long. 
It  was  never  seen  again. — (Ast.  Nach.,  vol.  cii.  No.  2441,  July  6,  1883  :  Obseroatorff, 
vol.  V.  p.  309,  July  1883  :  Month.  Not.,  vol.  xliii.  p.  3o6,  Feb.  1883.) 

[538.1  1884.  On  May  36,  a  faint  object,  assumed  to  have  been  a  nebula,  was  found 
at  the  Vienna  Observatory  with  the  great  36«inch  refractor  in  R.A.  1 7*  40"  48* ; 
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Deol.  -¥  35^  4a'.  It  could  not  be  found  again  on  June  18,  and  may  have  been  TuUle^s 
oomet  ^1858,  iii.)  due  at  that  time  and  in  about  that  position. — (^Duti  "Echt  Circular , 
No.  84.)  This  last-named  supposition  reems  to  have  been  unfounded.  (See  p.  430, 
ante,) 

[539*1  1880.  On  Jan.  15,  just  before  (!awn,  Brooks  at  Geneva,  N.Y.,  found  a 
faint  comet  in  R.  A.  18^4°^;  Decl.  —  ii°  2o'«  It  bad  a  rapid  Westerly  motion,  and 
oould  not  be  found  on  Jan.  3o. — Month,  Not.,  vol.  zlix.  p.  327.) 


OBJECTS  RECORDED  AS  NEBULA,  BUT   WHICH  MAY  POSSIBLY 

HAVE  BEEN  COMETS. 

614  H.  R.A.  for  i860 :  2^  44™  6" :  Decl.  +  36°  557' :  observed  by  Bessel.  Looked 
for  and  not  fonnd  by  D* Arrest,  who  supposes  it  to  have  been  a  comet.  This  is 
assumed  by  Dreyer  to  have  been  a  certain  star,  and  not  a  nebula  at  all,  much  less  a 
oomet. — {Notes  to  New  Gen.  Cat.,  p.  214.) 

2094  H.  R.A.  for  i860:  10**  17™  5":  Decl. +  27**  43*9':  observed  by  Sir  J. 
Herschel.  Looked  for  6  times  and  not  found  by  Lord  Rosse.  ''This  then  was  a 
comet  or  a  lost  nebula.*'  Schulhof,  possibly  under  some  misconception  of  date,  remarks 
that  at  the  time  when  this  observation  was  made  (but  this  is  not  stated  in  Sir  J. 
Herschel's  O.  C.)  Tuttle's  comet  should  have  been  very  close  to  the  place  g^ven  for 
the  nebula,  and  that  perhaps  it  was  the  comet  which  was  seen  on  the  occasion. — 
(Ast.  Nach.,  vol.  cviii.  No.  2592,  May  13, 1884.)  Dreyer  thinks  it  was  a  nebula  after 
all,  and  identical  with  H  2095. — {New  Oen.  Cat.,  No.  3234.) 

50  }jji  III.  On  March  19,  1784,  Sir  W.  Herschel  observed  an  exceedingly  faint 
nebula,  3°^  15*  following  45  Canum,  and  4™  South.  Sir  J.  Herschel  stated  that  he 
kad  found  a  memorandum  that  this  nebula  is  lost,  and  was  probably  a  comet.  But 
Dreyer  identifies  it  with  one  found  by  Bigourdan. — {New  Oen.  Cat.,  No.  2661.) 

3550  H.  R.A.  for  i860 :  13**  21™  I3» :  Decl.  +  6°  43*4' :  observed  by  D* Arrest,  but 
"not  found  again  on  Feb.  19,  1863.  Sky  perfectly  clear.  Perhaps  a  comet." — 
(Dreyer,  New  Gen.  Cat.,  No.  5160.) 

Hevelius,  in  his  Prodromut  Astronomta  (pp.  207  and  289),  states  that  he  once  saw 
in  the  head  of  Hercules,  near  a,  a  nebula.  This  was  searched  for  unsuccessfully  by 
Messier.  The  nearest  object  is  901  I^  II,  but  this  would  be  quite  beyond  the  reach 
of  the  telescopes  used  in  the  time  of  Hevelius,  so  it  must  have  been  a  comet  that  he 
saw. — ^Smyth,  Cycle,  ii.  385  :  Lynn,  Observatory,  vol.  ix.  p.  164,  April  1886.) 
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CHAPTER    I. 

AEROLITES. 

Clatgiflcation  of  the  subject. — Ai'rolites. — Summaty  of  the  researches  of  Bertdiui^ 
Sammehberg,  and  others. — Celebrated  Aerolites. — Summartf  of  facts, — CatcUoffue 
of  Mettoric  Stones.— Araffo^s  Table  of  Apparitions. — The  A^olite  of  1492. — Of 
i62'j,^Of  1  ^^K^.-^TkeMeteoriticShoteer  of  iSoz.^The  Aifrolite  of  i8'^6  {Rowion), 
^The  Aerolite  of  1881  {Middle4borough).—The  ASrolite  of  1887  {Soko  Banja), 

^r^HE  phenomena  of  which  I  am  now  about  to  speak  form 

-^    a  highly  interesting  and  by  no  means  unimportant  branch 

of  descriptive  astronomy.     They  may  conveniently  be  treated 

under  3  heads : — 

1.  Aerolites 

2.  Fireballs. 

3.  Shooting  Stars, 

Of  all  cosmical  meteors  those  known  as  aerolites,  meteorites, 
or  meteoric  stones,  are  the  rarest,  but  nevertheless  they  are  not  so 
rare  as  to  prevent  satisfactory  evidence  being  produced  that  such 
occurrences  have  happened  from  time  to  time.  It  is  to  Chladni 
that  we  owe  much  of  our  knowledge  of  this  branch  of  the  sub- 
ject*'.    Many  of  these  meteoric  stones,  which  have  fallen  or  been 

*  This  Book  hu  been  reyiMd  and  added  to  a  recent  date  will  be  found  in  ^n 

to  for  this  edition  by  Mr.  W.  F.  Denning.  Introduction  to  the  Study  of  Meteorites, 

^  See  hifl  work  Die  Ftnermeteore.    A  published     by     the     British     Museum 

large  amount  of  information  brought  up  Trustees,  8vo.  I/ond.,  1886. 
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found  in  difierent  parts  of  the  world,  have  been  subjected  to 
chemical  analysis  by  Berzelius,  Rammelsberg,  and  others,  whose 
deductions  may  be  thus  summed  up  : — 

1.  Meteoric  stones  are  composed  of  elements  all  of  which  occur 
in  terrestrial  minerals. 

2.  Of  the  70  or  more  elementary  substances  now  known,  24  have 
been  found  in  meteoric  stones,  namely: — oxygen,  hydrogen,  ni- 
trogen, chlorine,  sulphur,  phosphorus,  carbon,  silicon,  iron,  nickel, 
cobalt,  chtomium,  manganese,  copper,  tin,  antimony,  aluminium, 
magnesium,  calcium,  potassium,  sodium,  lithium,  titanium,  and 
arsenic. 

3.  The  produce  of  a  meteoritic  shower  may  be  divided  into 
meteoric  iron  and  meteoric  stone. 

4.  Meteoric  iron  is  an  alloy  that  has  not  yet  been  certainly 
found  to  exist  among  terrestrial  minerals,  and  is  composed  of 
iron  with  from  3  or  4  to  15  or  18  per  cent,  of  nickel,  and  small 
quantities  of  cobalt,  manganese,  magnesium,  tin,  copper,  and 
carbon. 

5.  Meteoric  stone  is  composed  of  minerals  found  abundantly 
in  lavas  and  trap-rocks  (and  consequently  of  volcanic  origin),  a 
variable  proportion  of  meteoric  iron  being  usually  admixed. 

The  circumstances  attending  the  fall  of  aerolites  differ  consider- 
ably on  different  occasions.  Not  unfrequently  the  fall  is  attended 
by  a  loud  detonation ;  but  we  must  not  therefore  infer  that  every 
detonating  meteor  is  indeed  an  aerolite,  without  positive  proof 
to  that  effect.  History  records  instances  of  considerable  damage 
having  been  done  to  life  and  property  by  the  descent  of  tliese 
bodies :  as,  for  instance,  from  a  Chinese  catalogue  we  learn  that 
one  which  fell  on  Jan.  14,  616  B.C.,  broke  several  chariots  and 
killed  10  men.  The  chronicle  of  Frodoard  informs  us  that  in  the 
year  944  A.D.  globes  of  fire  traversed  the  atmosphere  and  burnt 
several  houses.  More  recently,  on  the  evening  of  Nov.  13,  1835, 
a  brilliant  meteor  was  seen  in  the  department  of  Aisne  (France). 
It  traversed  the  country  in  a  north-easterly  direction,  and  burst 
near  the  castle  of  Laus^res,  setting  fire  to  a  bam  and  the  stables 
burning  the  corn  and  cattle  in  a  few  minutes.     A  stony  substance 
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supposed  to  be  an  aerolite  was  found  near  the  place  after  the 
occurrence.  On  March  22, 1 846,  at  3  P.M.,  a  luminous  sheaf,  which 
traversed  the  air  with  great  velocity  and  noise,  fell  on  a  bam  in 
a  village  in  the  department  of  Haute  Gtaronne,  which  instantly 
took  fire  and  was  destroyed,  together  with  the  stables  adjoining 
and  the  beasts  therein  contained^.  It  is  related  that  the  Emperor 
Jehangir  had  a  sword  forged  from  a  mass  of  meteoric  iron  which 
fell  at  Jahlindii  in  the  Punjab,  in  1620^.  Some  of  these  descrip- 
tions doubtless  relate  to  veritable  aerolites,  but  other  alleged 
instances  of  falls  of  aerolites  are,  it  may  be  supposed,  merely 
records  of  electiical  discharges. 

From  the  above  and  other  similar  observations  we  conclude: — 

1.  That  the  fact  is  undoubtedly  established,  that  from  time  to 
time  masses  of  stone,  of  different  sizes,  and  often  of  considerable 
weight,  pass  through  space,  and  are  frequently  precipitated  upon 
the  Eaith's  surface. 

2.  That  these  bodies  do  not  always  strike  the  Earth  in  a  ver- 
tical or  nearly  vertical  direction,  but  that  they  more  often 
fall  in  a  direction  very  oblique  to  the  plane  of  the  horizon.  This 
is  ascertained  by  an  inspection  of  the  manner  in  which  they 
penetrate  the  soil,  which  they  often  do  to  a  considerable  depth. 

3.  That  they  are  originally  endued  with  a  very  great  velocity, 
bearing  indeed  a  finite  proportion  to  the  velocities  which  are 
found  to  characterise  the  planetary  membei*s  of  the  solar  system. 
This  velocity  they  soon  lose  by  the  effects  of  atmospheric  resist* 
ance,  and  it  is  so  much  reduced  by  the  time  they  reach  the  ground 
that  their  speed  scarcely  exceeds  that  of  bodies  falling  under  the 
influence  of  gravitation. 

The  Ancients  seem  to  have  been  well  aware  of  the  phenomena 
of  which  I  am  now  treating,  inasmuch  as  several  objects  are 
mentioned  by  the  classic  writers  as  having  fallen  from  heaven : 
for  instance,  the  Palladium  of  Troy,  an  '*  image  *'  of  Diana  at 


^  See  Ango,  A$t.  Pop.,  vol.  ir,  pp.  meteor  caUlognet  are  unfortniiAtely  left 

224-29,    French    ed.,   where   nuroerooi  out. 

other    instances    are    given.      In    the  *  Phil,  Trans.,  rohxeiW.  p.  200,  1830. 
En^ish  edition  this  and  other  important 
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EpheBus^  and  tho  sacred  shield  of  Numa.  The  ideas  of  the 
Ancients  relative  to  the  supposed  celestial  origin,  of  these  things 
have  often  met  with  ridicule;  but  however  fabulous  the  cases 
referred  to  may  have  been,  still  the  Modems  have  been  compelled, 
though  reluctantly,  to  admit  the  fact  of  the  actual  transmission 
of  stony  substances  from  Space  on  to  the  surface  of  the  Eai*th. 
The  following  catalogue  of  some  of  the  more  important  recorded 
falls  of  meteoric  stones  is  founded  on  one  given  in  M.  Izam*s 
work  '• 


Period. 

Place. 

Showen  of  stones   

...     About  650  B.C. 

Home. 

Large  stone     

•  •  •     4^5  ^*^ 

River  Negos,  Thraoe. 

Three  large  itonet 

« •  •     4^      •••     •••     ••• 

In  Thrace. 

Shower  of  stones     

•  ••            •)  vw        •*•            •••            ••• 

Rome. 

Shower  of  iron        

• • •            ^   ■              •••            •••            ••• 

Lucania. 

Shower  of  mercury 

...     Date  unknown 

In  Italy. 

Mass  of  iron  of  14  quintals 

*} 

Abakauk,  Siberia. 

Large  stone  of  360  lbs.  ... 

...     1492  Nov.  7     ... 

Ensisheim,  Upper  Rhine. 

About  I300  stones — i  of  120 

lbs.,  ^ 

>  15^0  

.. . ) 

another  of  60  lbs. 

•  •  • 

Padua,  Italy. 

Stone  of  59  lbs 

•  •  ■ 

...     1627  Nov.  27  ... 

Mont  Vasia,  Provence, 

Sulphurous  rain      

•  •  « 

1646 

Copenhagen. 

Sulphurous  rain      

•  •  • 

•  ••        *^^o,.«        ...        ,.. 

Duchy  of  Mansfeld. 

Shower  of  unknown  matter 

•  •  • 

•  ••                 2^%)   •••         •••          ••• 

Ireland. 

Stone  of  7a  lbs 

•  •  • 

...     1 706  January  . . . 

Larissa,  Macedonia. 

Shower  of  fire 

•  «  • 

...     1717  Jan.  4     ... 

Quesnoy. 

Shower  of  sand  for  15  hours 

1... 

...     i7i9April6    ... 

In  the  Atlantic 

Shower  of  sulphur 

•  ■  • 

...     1721  October  ... 

Brunswick. 

Mass  of  stone 

•  •  • 

•  •  •         "*  / %)^  •••         •••         9  *  * 

Niort,  Normandy. 

Shower  of  stones     

•  •  • 

...     1753  July  3     ... 

Plaun,  Bohemia. 

Two  stones  weighing  30  lbs 

•  •  •  • 

...     1 753  September 

Liponas,  in  Brest. 

Two  stones  of  200  and  300  1 

Lbs. 

•  ••          •/"*•••         •••         ••• 

Near  Verona. 

A  stone  of  7 1  lbs 

•  •  • 

...     1768  Sept.  13  ... 

Luc^,  Le  Maine. 

A  stone    

•  •  • 

17^" 

Aire,  Artois. 

A  stone 

•  •  • 

•  ••       J  yoo  ...       ...       ,., 

Le  Cotentin. 

Shower  of  stones     

•  •  • 

...     1789  July 

Barbontan,  near  Roquefort. 

Extensive  shower  of  stones 

•  •  • 

...     1790  July  24  ... 

Near  A  gen. 

About  12  stones      

•  •  • 

...     1794  July  16   ... 

Siena,  Tuscany. 

A  stone  of  56  lbs 

•  •  • 

...     1795  Dec.  13   ... 

WoldCottftge,Thwing,Yorks. 

A  stone  of  10  lbs 

■  •  • 

...     1796  Feb.  19   ... 

In  Portugal. 

A  stone  of  20  lbs 

• « • 

...     1798  March  12 

Sules,  near  Ville  Franche. 

A  stone  of  about  20  lbs.... 

•  •  • 

...     1798  March  17 

Sale,  Dep.  of  Rhone. 

•  This  no  doubt  was  merely  a  stone  of  '  Det  Pier  res    I'omUes   du    Ciel,   ou 

no    particular   shape:    certainly   not   a      LithoLogie  Atntronomique.     Paris,  1803. 
«cnlptnretl  stone. 
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Sal»taDO0. 

Shower  of  Btonet     

Mass  of  iron,  70  cubic  feet    . . . 
Many  stonet,  the  largest  8}  Ibe. 

Shower  of  stones    

A  stone  of  1653  lbs 

Shower  of  aoo  stones      

A  stone  of  203  Ibf. 

A  large  stone 


Period.  PUoe. 

1798  Dec  19   ...  Benares. 

1800  April  5    ...  America. 

1803  April  t6  ...  Near  L'Aigle,  Normandy. 


1807  Dec.  14 

1810 

i8ia  Biay  aa 
i8ai  Jone  15 
1843  Sept.  16 
1864  May  15 


Shower  of  stones     

Stone  of  6  cwt.  and  1000  smaller  ones  i866Jnne9    ... 

Fragment  of  Iron  weighing  7|  lbs.  1876  April  ao  ... 

A  stone  of  3 lbs.  8} oz 1881  Biar.  14  ... 


Weston,  Connecticat,  n.8. 
Santa  Bosa,  New  Grenada. 
Stannenif  Bohemia. 
Jnrinas,  Aid^e. 
Kleinwenden,  Thoringia. 
Orgorily  France. 
Knyahin]^  Hnngaiy. 
Bowton,  Shropshire. 
Middlesborongh,  Yorkshire. 


The  206  falls  of  aerolites,  of  which  Arago  knew  the  month  of 
occurrence,  were,  according  to  him,  distributed  in  the  following 
manner  through  the  1 2  months  of  the  year : — 


January  ...     . 

..     I4\ 

February...     . 

10 

March     ...     . 

32 

April       ...     . 

••       15 

May         ...     . 

ao 

June        ...     . 

..     18 

^99 


July 

...     a3^ 

August 

...     16 

September. . . 

17 

October     ... 

.      18 

November . . 

..     ao 

December ... 

...     13- 

- 107 


From  an  inspection  of  the  above  table  it  appears  that  the 
monthly  average  from  December  to  June  (16)  is  less  than  the 
monthly  average  from  July  to  November  (18),  and  that,  moreover, 
the  months  of  March,  May,  July,  and  November  exhibit  maximum 
numbers :  and  we  also  learn  this  general  fact — that  the  Earth, 
in  its  annual  course  round  the  Sun,  would  seem  to  encounter  a 
greater  number  of  aerolites  in  passing  from  aphelion  to  perihelion, 
or  between  July  and  January,  than  in  going  from  perihelion  to 
aphelion,  or  between  January  and  July. 

It  has  been  asserted  to  be  a  general  rule  that  the  area  over 
which  a  shower  of  stones  falls  is  oval,  measuring  from  6  to  10 
miles  in  length  by  2  or  3  in  breadth,  and,  moreover,  that  the 
largest  stones  may  be  expected  to  be  found  at  one  extremity  of 
the  ovaL 

When  found  entire  the  stones  are  completely  coated  or  glazed 
over  with  a  thin  dark-coloured  crust  formed  from  the  molten 
substance  of  their  surface  fused  by  ignition  in  the  fire-balls,  ihe 
part  which  travelled  foremost  being  sometimes  distinguishable 

<l  q 
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from  thmt  whieh  was  in  the  rear.  Freshly-fractured  Cmsb  have 
also  been  observed,  and  the  pieces,  5  in  number,  of  the  well- 
cmsted  meteorite  weighing  32  lbs.  wiiieh  fell  at  Bntsim  in  India 
in  1861  were  withont  difficulty  fitted  together  by  Maskelyne  after 
an  attentive  consideration  of  the  fractures.  This  is  the  mofe 
noteworthy  from  the  &ct  that  the  pieces  were  picked  op  at  places 
several  miles  apart  This  instance  of  the  disruption  of  a  meteorite 
perhaps  Uirows  some  li^t  npon  the  circumstance  thai  large 
fireballs  are  occasionally  seen  to  break  up  into  fragm^its  as  they 
disappear. 

The  circumstances  connected  with  the  occurrence  which  stands 
No.  8  in  the  catalogue  (anie),  are  of  more  than  ordinary  interest, 
especiaUy  from  its  having  been  long  considered  a  poetical 
romance  of  by-gone  ages.  The  following  narrative  was  drawn 
up  at  the  time  by  order  of  the  Emperor  Maximilian,  and  depo- 
sited with  the  stone  in  the  church  at  Ensisheim.  '*  In  the  year 
of  the  Lord  1492^  on  Wednesday,  which  was  Martinmas  Eve, 
November  7,  a  singular  miracle  occurred  ;  for  between  1 1  o'clock 
and  noon  there  was  a  loud  clap  of  thunder,  and  a  prolonged 
confused  uoise,  which  was  heard  at  a  great  distance ;  and  a  stone 
fell  from  the  air,  in  the  jurisdiction  of  Ensisheim,  which  weighed 
260  pounds ;  and  the  confused  noise  was,  moreover,  much  louder 
than  here.  There  a  child  saw  it  strike  on  a  field  in  the  upper 
jurisdiction,  towards  the  Rhine  and  Jura,  near  the  district  of 
Oiscano,  which  was  sown  with  wheat,  and  it  did  no  harm,  except 
that  it  made  a  hole  there ;  and  then  they  conveyed  it  from  that 
spot,  and  many  pieces  were  broken  from  it,  which  the  landvogt 
forbade.  They  therefore  caused  it  to  be  placed  in  the  church, 
with  the  intention  of  suspending  it  as  a  miracle  ;  and  there  came 
here  many  people  to  see  this  stone.  So  there  were  remarkable 
conversations  about  this  stone ;  but  the  learned  said  they  knew 
not  what  it  was  ;  for  it  was  beyond  the  ordinary  course  of  nature 
that  such  a  large  stone  should  smite  the  Earth,  from  the  height  of 
the  air,  but  that  it  was  really  a  miracle  of  God ;  for,  before  that 
time,  never  anything  was  heard  like  it,  nor  seen,  nor  described. 
When  they  found  that  stone,  it  had  entered  into  the  Earth  to  the 
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depth  of  a  man's  stature)  which  everybody  explained  to  be  the 
will  of  Qod  that  it  should  be  found ;  and  the  noise  of  it  was  heard 
at  Lucerne,  at  Vitting,  and  in  many  other  places,  so  loud,  that  it 
was  believed  that  houses  had  been  overturned:  and  as  the  King 
Maximilian  was  here  the  Monday  after  St.  Catherine's  Day  of 
the  same  year,  his  Royal  Excellency  ordered  the  stone  which  had 
fallen  to  be  brought  to  the  castle ;  and  after  having  conversed 
a  long  time  about  it  with  the  noblemen,  he  said  that  the  people 
of  Ensisheim  should  take  it,  and  order  it  to  be  hung  up  in  the 
church,  and  not  to  allow  anybody  to  take  anything  from  it.  His 
Excellency,  however,  took  two  pieces  of  it,  of  which  he  kept  one, 
and  sent  the  other  to  Duke  Sigismund  of  Austria ;  and  they  spoke 
a  great  deal  about  this  stone,  which  they  suspended  in  the  choir, 
where  it  still  is ;  and  a  great  many  people  came  to  see  it."  This 
relic  remained  in  the  church  for  3  centuries,  and  then  it  was 
temporarily  removed,  during  the  turmoil  of  the  French  Revolution, 
to  Colmar,  but  it  has  since  been  restored  ^.  A  fragment  of  it  is 
in  the  British  Museum,  and  there  is  another  piece  at  the  Jardin 
des  Plantes,  at  Paris. 

The  fall  of  the  aifrolite  of  1627  (No.  10)  was  witnessed  by 
the  astronomer  Qassendi :  he  states  that  when  in  the  air  it  was 
apparently  surrounded  by  a  halo  of  prismatic  colours.  This 
being  the  only  aerolite  of  the  fall  of  which  he  had  ever  heard, 
he  supposed  that  it  was  the  result  of  a  volcanic  eruption  in  some 
one  of  the  neighbouring  mountains.  Views  similar  to  Qassendi's 
of  the  origin  of  aerolites  were  maintained  even  recently  by 
Kesselmeyer,  whoso  work  on  the  geographical  distribution  of 
aerolites  supplied  an  excellent  list,  with  maps,  of  such  occur- 
rences up  to  a  very  recent  date.  Such  views,  it  will  not  be 
necessary  to  remind  the  reader,  cannot  however  now  be  held  to 
accord  with  the  known  cosmical  origin  of  these  bodies. 

The  aerolite  of  Dec.  13,  1795  (No.  28),  is  interesting  from 
the  fact  that  it  is  one  of  the  few  instances  recorded  to  have 
taken  place  in  this  country.     A  loud  explosion,  followed  by  a 

'  Badeker  ftayi  that  thii  lione  is  now  preMrred  in  the  Rathhaur.     (Rhine,  9th 
Eng.  ed.,  p.  283,  1884.) 

Qq  2 
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hissing  noise,  was  heard  throughout  a  considerable  portion  of  the 
surrounding  district ;  a  shock  was  also  noticed,  as  if  produced 
by  the  falling  to  the  Earth  of  some  heavy  body.  A  ploughman 
saw  the  stone  fall  to  the  ground  at  a  spot  not  far  distant  from 
the  place  where  he  was  standing ;  it  threw  up  mould  on  every 
side,  and,  after  passing  through  the  soil,  penetrated  several 
inches  deep  into  the  solid  chalk  rock.  It  fell  on  the  afternoon 
of  a  mild  but  hazy  day,  during  which  there  was  neither  thunder 
nor  lightning^. 

One  of  the  most  extensive  falls  of  meteoric  stones  on  record  was 
that  which  happened  in  Normandy  on  April  26,  1803  (No.  34). 
It  appears  that  at  about  i  p.m.  a  very  brilliant  fire-ball  was  seen 
traversing  the  country  with  great  velocity ;  and,  some  moments 
afterwards,  a  violent  explosion  was  heard,  which  was  prolonged 
for  5™  or  6°.  The  noise  seemed  to  proceed  from  a  small  cloud, 
which  remained  motionless  all  the  time  but  at  a  great  elevation 
in  the  atmosphere ;  the  detonation  was  followed  by  the  fall  of 
an  immense  number  of  mineral  fragments,  nearly  3000  being 
collected,  the  largest  weighing  8f  Ibs.^  according  to  Arago.  The 
sky  was  serene,  and  the  air  calm — an  atmospheric  condition  that 
has  sometimes  been  noticed,  as  well  as  opposite  states  of  the 
weather,  during  the  descent  of  aerolites  ^ 

On  April  20,  1876,  a  mass  of  meteoric  iron  weighing  between 
7  and  8  lbs.  fell  at  Rowton,  a  village  near  the  Wrekin,  in  Shrop- 
shire. Shortly  before  4  p.m.  a  sound  like  that  of  thunder, 
followed  by  reports  as  of  cannon,  shook  the  air,  and  was  heard 


*»  Howard,  PhU.  Trans. ,  vol.  xcii.  p. 
174.    1802. 

*  A  catalogue  of  273  aerolites  is  given 
in  Arago*B  A$t.  Pop.y  vol.  iv.  pp.  184-204. 
French  ed.  Bat  larger  ntimben  of  aero- 
litio  falls  than  this  are  now  represented 
by  specimens  of  meteorites  preserved  in 
the  national  museoms  of  London,  Paris, 
and  Vienna ;  the  British  Musetun  alone 
possessing  specimens  of  370  different 
meteorites,  of  which  about  240  were  seen 
to  fall.  An  important  series  of  articles 
by  Dr.  W.  Flight,  in  the  Geological 
Magazine  J    1875,    2nd    Ser.,    vol.    ii., 


supply  a  continuation  of  the  list  of 
Buchner  and  of  other  compilers.  The 
first  such  catalogue  was  formed  by 
Chladni,  and  a  larger  one  by  Kamts 
{Mtteorologie),  Subsequently  Buchner 
{Die  Meteorilen  inSammlungen),  Haidin* 
ger,  Rammelsberg,  Mrs.  Sheppard,  U.S. 
and  others  have  furnished  catalogpies,  a 
collection  and  discussion  of  which  by  R. 
P.  Greg  will  be  found  in  the  BriHeh 
Aseociation  Report,  i860,  with  later  sap- 
plements  and  revised  tables  of  freqaenoy 
of  aerolites  on  different  dates,  in  the 
volames  for  1867  (p.  414)  and  1870  (p.  93^. 
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(during  r&iu  showerB)  for  many  miles  in  that  n^hboariiood, 
but  no  fireball  was  observed.  The  iron  mass  was  found  nearly 
an  hour  afterwards  in  a  meadow  where  it  had  buried  itself  in 
the  earth  to  a  depth  of  1 8  inches ;  when  dug  out  it  was  still 
quite  hot. 

The  meteorite  which  fell  at  Sako-Banja  in  Servia  exhibits  a 
conglomerate  structure  or  tufa  resembling  that   presented  by 

Fig.  J37. 


L   AT  iAKn-BARJA 


IJ.  1877- 


the   ancient  volcanos   of  Anvergne  and  of  the  valley  of  the 
Rhine. 

The  circumstances  connected  with  the  fall  of  tbe  meteorite  of 
March  14,  1881,  near  Middlesborough,  were  investigated  by 
Prof.  A.  S.  Herschel.  At  3''  35™  p.u.,  the  air  being  calm  and  the 
sun  shining  brightly,  4  rulway  platelayers  heard  a  rushing  or 
roaring  sound  overhead,  followed  immediately  by  a  tbud  on  the 
ground.     On  proceeding  to  tbe  spot,  less  than  50  yards  distant. 
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they  found  a  round  vertical  hole,  into  which  one  of  them  thrust 
his  arm  and  drew  out  the  meteorite.  The  hole  and  also  the 
meteorite  were  felt  to  be  slightly  warm  about  3  minutes  after 
the  falL  Professor  Herschel  described  the  meteorite  as  of  a  low 
pyramidal  or  shell-like  shape,  and  measuring  5  inches  by  6 
inches,  and  about  3  inches  high.  The  grey  basaltic  stone  of 
which  it  consisted  was,  as  usual,  completely  enveloped  in  a  thin 
black  molten  crust,  which  hid  from  the  eye  its  true  stony 
character,  the  latter  being  only  visible  here  and  there  at  its 
frayed  edges.  It  was  remarkable  for  the  unusual  depth  and 
regularity  of  the  indentations  which  its  surface  had  received  by 
heat  and  fusion  in  its  passage  through  the  air.  This  meteorite 
is  now  in  the  Library  of  the  Literary  and  Philosophical  Society 
of  Newcastle  ^. 

This  is  only  the  eighth  case  where  the  actual  fall  of  an  aero- 
siderite  or  mass  of  meteoric  iron  has  been  observed,  although 
many  such  masses  have  been  found,  some  of  them  of  large  size, 
as  at  Erasnojarsk  in  Siberia,  Atacama  in  Chili,  Melbourne  in 
Australia,  and  recently  some  colossal  blocks  on  the  Lsland  of 
Disco  in  Greenland.  At  least  one  such  meteoric  mass  has  been 
discovered  in  this  country ;  this  was  a  meteorite  weighing  about 
32  lbs.,  which  was  exhumed  near  Melrose  in  Scotland  in  the  year 

1827. 

In  addition  to  those  mentioned  above  the  following  falls  of 
meteoric  iron  have  been  actually  observed: — Agram,  Croatia 
(1751);  Charlotte,  Tenn.,  U.  S.  ( 1 835) ;  Braunau,  Bohemia  (1847); 
Victoria  West,  S.  Africa  (1862);  Nidigullam,  Madras  (1870); 
Marysville,  California  (1873). 

^  Observatory,  vol   i v.  p.  155.     May  1881. 
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CHAPTER  II. 

FIREBALLS. 

General  Deeeripiitm  of  Oewt^—FirebaU  iff  Nov.  la,  i96i.^Mimiki^  TedfU  of  ap- 
pttriHoM. — Datee  of  greateet  freqMemey^—BeemUt  qf  eeiMUOiome  wUh  reference 
to  tkeaehodiee. 

FIREBALLS*  may  either  represent  the  larger  class  of  shooting 
stars,  or  the  aerolites  described  in  the  last  chapter.  There  is 
no  doubt  that  meteor  showers  like  the  Perseids,  Leonids  and 
many  others,  while  yielding  a  considerable  proportion  of 'meteors 
of  the  smallest  visible  types,  yet  occasionaUy  furnish  FirebaUs 
which  are  as  brilliant  and  apparently  as  large  as  the  Moon. 
They  appear  suddenly,  and  are  usually  noiseless,  though  at  times 
a  detonation  is  heard,  and  in  these  cases  the  phenomenon  is 
probably  aerolitic.  Their  form  is  generally  pear-shaped.  The 
slow-moving  FirebaUs  usually  evolve  trains  of  sparks,  but  the 
swifter  class  project  streaks  of  phosphorescence  upon  the  sky, 
and  these  features  (which  may  be  taken  to  represent  the  con- 
sumed material  thrown  off  by  the  incandescent  nucleus)  some- 
times linger  for  many  minutes  after  the  first  appearance,  assuming 
irregular  shapes  and  drifting  slowly  away  from  the  place  of 
apparition  by  the  action  of  wind-currents  high  in  the  atmo- 
sphere. 

Fireballs  are  occasionally  of  great  brilliancy,  and  appear  so 
unexpectedly  as  to  startle  those  who  witness  them.  A  good 
description  of  one  of  these  bodies  which  fell  on  Nov.  12,  1861, 
is  given  by  the  Rev.  T.  W.  Webb,  and  a  part  of  his  account 

•  The  BrUUk  Aeeoeiation  Report  for     See  alw  Month.  Not,  R.  A.S.»  vol.  zliv. 
1878  oonUini  full  imitnictioiia  to  obier-      p.  297,  April  1884. 
vert  of  Fireballf  and  kindred  phenomena. 
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may  be  quoted  as  a  typical  example  of  what  is  to  be  seen  fi 

time  to  time  in  connection  with  these  objects: — 

'■  Aboat  s»  45"  G.M.T.  (with  an  uncertainly  of  s"  or  man)  we  were  waUdnfT- 

a  lATtj  of  3  peraoiu.  along  a  wids  tampike  road,  fully  lighted  by  a  moon  lo  dajn 

old,    when    we  were    Rurmnnded   and    aUrtled  by  an   initantaiieoai    illutniiiatioii, 
„.  not    like    Ughtnii^,    but    mUier 

reHnibling  tiie  effect  of 
smtdenly  coming  oat  from 
a  dork  cloud  iin  a  windy 
it  faded  very  speedily,  1 
looking  up  we  aJl  perueiTed 
considerable  altitude,  perkapi  60' 
iir  70°.  ■  laperb  Ulan  of  fire  iweep- 
ing  onwarda  and  blling  elowly  in  a 
curve,!  path  down  the  W.S.W. 
sky. .  .  ,  Ituddy  aparki,  of  tbe  colour 
if  glowing  coali,  were  left  behind 

imaller  end,  and  Its  path 
iiiarkedbyaloni;  pale  atreak' 

fortunately,  wu  ooDeealed  byl 

iob,  boi 
was  traced  till  posaibly  eome  lO^ 
above  the  horiion,  but  it  had  ptw- 
viuu«ly  undergone  a  gre«t  diuiina- 
Liui).  .  .  The  whole  duration  may 
liBVe  Iwen  at  much  ai  5  secondi.  Ita 
aspeot  was  decidedly  that  of  a 
liquefied  and  inflamed  maiu,  and 
the  iuiuiediate  imprewian  was  thai 
i.»-M.)  of  rapid  de«ent"." 

Aiago  clasMified  r11  the  recorded  instance.^  of  Fireballs  ^ 
cording  to  their  dates,  and  found  that  they  were  distrilM 
as  follows  over  the  \2  months;  a  similar  summary  madsl 
to  ti  more  receot  date  ( 1 879)  is  also  added  for  comparison  ° 


vere  left  betund 

uid  its  path  9^^_ 
le  atreak  of  a^^^l 
tenuinatioQ^^^^^^H 
icealed  by  '><4^^^^H 


January 
Februiiry 

March 
April 
May 


1879. 


July 

AugQBI 

Heplembft  , 
October 
Noveniher . 
Deoembei  . 
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The  numbers  exhibit  a  great  excess  of  these  phenomena  in 
the  last  half  of  the  year.  The  most  prolific  months  are 
August  and  November:  the  large  number  recorded  in  these 
months  is  partly  due  to  the  circumstance  that  meteor  observers 
have  devoted  their  chief  attention  to  those  months  owing  to  the 
occuiTcnce  of  the  Perseids,  Leonids  and  Andromedes. 

It  is  found  that  at  certain  definite  epochs  of  the  year  Fireballs 
are  unusually  numerous.  The  following  appear  to  be  the  best 
defined  dates  for  their  observation  : — 

Jan.  2,  21,  31.  July  ii,  20-31,  25-80. 

Feb.  3,  7,  10.  Aug.  3,  5,  7-13,  15,  19-2^. 

March  i,  2,  4.  Sept.  1-2,  6-7|  11-13,  25. 

April  11-12, 19-20.  Oct.  13,  15,  17-18,  22,  24,  29. 


May  2,  4,  15,  31. 
June  6-7,  12,  29-30. 


Nov.  1-2,  4,  e-9, 11-16, 19,  27. 
Dec.  a-9, 11-12,  21. 


The  dates  printed  in  heavier  type  have  proved  especially  rich 
in  Fireballs. 

Though  a  very  insignificant  proportion  of  the  observed  Fire- 
balls dischai'ge  aerolites  upon  the  Earth's  surface,  it  is  probable 
that  the  two  phenomena  are  intimately  associated.  Aerolites 
have  occasionally  been  precipitated  without  any  prior  warning, 
in  the  form  of  luminous  exhalations;  an  instance  occurred 
on  Sept.  16^  1 843,  at  the  fall  of  the  gi*eat  aerolite  of  Klein wenden**. 
It  is  singular  that  during  meteor  storms,  such  as  those  of  Nov.  13, 
1866,  and  Nov.  27, 1872,  none  of  the  many  thousands  of  fragments 
which  entered  our  atmosphere  were  observed  to  reach  the  earth. 
This  has  been  adduced  as  an  argument  against  the  theory  of 
affinity  between  aerolites  and  ordinary  meteors.  On  Nov.  27, 
1 885,  however,  during  the  recurrence  of  the  Biela  meteor  storm, 
a  piece  of  meteoric  iron  fell  at  Mazapil  in  Mexico;  and  there 
is  strong  evidence  to  show  that  this  aerolite  was  a  veritable 
fi-agment  of  Biela*s  comet ! 

Many  Fireballs  have  formed  the  subjects  of  computation  as 
to  their  distances,  sizes,  and  velocities,  but  owing  to  the  peculiar 
nature  of  these  phenomena,  their  unexpected  appearance,  and  the 

«*  Compt.  RemLy  vol.  xxv.  p.  627  (Nov,  2,  1847;. 
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diffieaHj  of  seeoring  perfeetlj  meeonte  observmtionfl,  the  tcXiaw- 
ing  resoUa  most  be  considered  as  mere  approxunations. 
I.  As  to  the  extieme  heights  during  visibility : — 


LBABT  KXCmS. 


1868  Sept.  5  4600 

1844  Get.  37     318.1 

1718  Mar.  19 297.5 

2.  As  to  absolute  diameter : — 


1879  P^  <> 

1879  Feb.  34 
1846  Mar.  ai 


5-5 
7-5 


GBSATIST  KVOWV. 


LUkOT  KSOWV. 


1 841  Aug.  18 
1718  Mar.  19 
1837  J*B-  4 


Feci. 
",795 

8,399 
7,ai6 


185a  April  a 
1846  July  as 
1850  July  6 


105 
SSI 


3.  As  to  velocity  per  second  : — 


QUMkTWn  EMQfWB, 


1850  July  6 

1844  ^^'  37 
184a  June  3 


47.aa 

44-74 
44-74 


LXABT  UfOWV. 


1718  Mardi  19 
1807  Deo.  14  . 
1676  Mar.  31  . 


1-67 


S-ii 


The  average  velocity  of  a  considerable  number  of  meCeoiB 
computed  by  Prof.  A.  S.  Herschel  is  ^S  niiles  per  second. 

The  estimated  diameters  of  Fireballs  are  usually  much  in 
excess  of  the  real  values.  The  absolute  dimensions  attribated 
to  several  large  meteors  in  the  above  table  must  therefore  be 
received  with  caution.  The  nucleus  of  a  Fireball  during  eom- 
bustion  has  a  flaming  aspect,  and  the  glare  invariably  accompany- 
ing it  creates  an  exaggerated  impression  of  its  size.  Their 
velocities  are  also  liable  to  considerable  errors,  as  there  are  grave 
difficulties  in  the  way  of  determining  the  exact  durations  of  their 
flights,  save  in  exceptional  instances  when  the  speed  is  slow  and 
the  observer  is  sufficiently  prepared  for  the  event  to  be  able 
to  time  it  carefully. 

The  average  heights  of  Fireballs  are  less  than  the  average 
heights  of  shooting  stars  ^  A  comparison  of  many  recorded 
results  gives  the  following  relative  figures : — 

At  appearanoe.                At  mid-oonne.              At  diaappearanoe. 
69  mile*     49}  miles     30  milee. 


FireballB     

Shooting  Stan  ...     80 


»» 


67 


»» 


54  miles. 


•  Month.  Not.f  vol.  zlviii.  p.  113,  January  1888. 
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It  IB  evident  thait  the  brighter  forms  of  meteoric  display  occur 
in  a  lower  region  of  the  atmosphere  than  that  of  the  fainter 
claae  of  these  phenomena- 
There  are  certain  meteor  showerB  which  apparently  yield  a 
large  proportion  of  Fireballs '. 

Aa  a  very  recent  example  of  observations  followed  by  com- 
putation the  following  may  be  cited.  On  Nov.  13, 1888,  Denning 
at  ft-istol  and  Backhouse  at  Sunderland  each  observed  a  fireball, 
which  on  a  comparison  of  the  aocounts  proved  te  be  one  and 


the  same  object.  Backhouse  states  that  at  17''  19"  be  became 
suddenly  aware  of  a  bright  flash,  and,  a  few  seconds  later,  he 
discovered  an  unnsually  intense  Meteor-streak  lying  amongst  the 
sfara  of  Bootes  and  about  5°  below  Arcturus.  It  was  estimated 
as  4°  long  at  first,  and  proved  very  dnrable,  for  it  remained  in 
sight  for  9*",  and  exhibited  during  that  time  some  alteration 

'  A  lableortherKdiantpolntaof  UieM  Pop.,  vol.  i*.  pp.  a30-79>   F^^*m1>    Ed. 

will  be  foand  In  the  JftMlVjr  Not.,  voL  Bee  alio  •one  [II^M(^Uot  nunnuTlM  by 

xli".  pp.  398-9,  April  1884.    AcmUldgae  Qng  iatbu  B.J.  KtjivrU  tot  1860,  iSSj 

of  584  Flnballa  M  pveu  In  Jingo't  A*l-  {p.  4H\  ud  1870  (p.  93). 
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both  in  shape  kbA  pontkitL  Tbe  ^Aees  vcfs  earefoUj  iM4««i 
on']  recorded.  De«ming'«ot«enr«lioii»  were  to  farbw  wtinfartotT 
in  that  At  Bristol  tbe  Meteor  wac  •eoi  aadi  neanr  tbe  borixm. 
but  tbe-  nlient  tieatorefl  were  so  sunilsr  thsi  there  can  be  no 
rloabt  a>xiat  tbe  identity  of  the  two  objecta. 


The    (liiUilB   uf  the  observations  nood  not  be  given, 
Bummary  of  thoin  yields  the  following  i-esults  :— 

Hffrlnning  of  Metenr  {Briitol)  ,.  at  65  milrc. 

Be(puDin)(  of  Light  HtrnkCSuDdflrUudi  ■' S7  inilw.    1 

Knd  of  Light  Klrrak  (SunilerUoiII     .  nt  45  mile*. 

EndofMet«i>r  tll[i«t.ill  at  37  mUea. 

lnplln»»ii>n  tv  Mmo  horiion  s;  dajfiee* 

V.iitin  lanncth  nrotwervod  ml  path  (tlKstuI)  H  milM. 


The  MoUioi's  Earth-point  wa«  nituated  in  about  Lat.  N,, 
Long.  E..  3'.V,  ^^'^  '**  radiant  at  149", +  25".  The  duration  of  its 
flight  wan  not  estimated,  bo  itw  velocity  cannot  be  determined. 
At  FriHtol  however  it  was  deacribed  as  'swift,'  and  the  inference 
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is  that  its  motion  probably  accorded  with  the  usual  high  rate 
of  speed  attributed  to  the  Leonid  Meteors.  The  heights  above 
stated  do  not  differ  materially  from  the  average  of  fireballs, 
though  the  length  of  the  path  was  decidedly  shorter  than 
usual  ^, 

'  Denning,  Month.  Not.^  vol.  xlix.  p.  66,  Dec  1888. 


^^  J!f-ete5'*'v  AjttmfyimJi 


CHAFTEB  IIL 

r-^HOOTIXC  STABS. 

/Aviur  ^M«^  f4e4m00  mitwm^M  MUathtm. — Am 
^^rnfff  dmtr  mights — ^mmmwrim  *f  Om 
fftm  ^^ttrwUUm  if  fAMMttr-  Orm^iier  ma4 
$IUfm0r§r    TkMr  duiriMiim  mwtmigd  ike 

17^  %%%\^  %%%%,  %%ll,  lIMf  amd  fOUmimf 

yi^m§  t^  fHhmrt.  -  M^miJUp  Mmmmarp  tfgrtdt 

SH^K^TINH  MturH,  althoagfa  noticed  in  aneient  tuDes,  have 
aiimctfsd  iqNx^ial  attention  only  daring  the  present  oentiiiy. 
^V\\\%  Yminch  of  the  Mcience  may  therefore  be  considered  to  be  com- 
parati  vi)ly  in  iU  infancy.  Though  a  vast  number  of  observaticms 
havn  now  \m\\\  accumulated  and  are  available  for  discassion 
wn  n^(|uirn  fnany  nions  and  a  searching  investigation  of  the 
wholn  Nubj<tct,  iNifoH)  wo  can  claim  to  have  thoroughly  mastered 
iU  flniailN  and  to  have  explained  certain  peculiarities  which 
an<  not  f|uii<)  in  hannony  with  prevailing  theories.  The  labours 
of  IIoIn  and  Hchnii<It,  of  A.  8.  Herschel  and  Qreg,  of  Schiaparelli 
and  many  otliom,  have  however  so  far  smoothed  the  way  to 
a  NaiiMfaotory  (M)ncopti()n  of  the  movements  and  phjrsical  nature 
of  ihimn  objoriN  tliat  much  of  the  former  mystery  concerning 
ihoni  haN  Ihm^u  clcMirtHl  away,  and  wo  have  a  substantial  basis  on 
whioli  to  au^niont  our  knowkMlgo*. 

MliooiinK  Mtam  won'  long  considered  to  have  an  atmospheric 
origin  and  to  Ih'  duo  to  tho  combustion  of  inflammable  gases  ex- 
halod  by  tho  iMirth.  This  thoory  is  now  rejected  in  favour  of  one 
whioh  i(«  porfiH^tly  consistent  with  tho  observed  features  of  these 
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bodies.  They  are  of  celestial  origin,  pursuing  orbits  similar  to 
comets,  and  grouped  into  streams  containing  in  many  cases 
an  immense  assemblage  of  particles.  They  become  visible  to 
us  on  being  inflamed  by  friction  with  our  atmosphere,  into  which 
they  rush  with  planetary  velocity  and  are  instantly  consumed 
and  reduced  to  imperceptible  dust. 

There  is  no  clear  night  throughout  the  year  on  which  a  certain 
number  of  shooting  stars  are  not  visible.  When  the  air  is  trans- 
parent, the  moon  absent,  and  the  stars  shining  brightly,  about 
8  or  lo  may  be  noticed  every  hour.  The  horary  average  will 
be  greater  if  the  sky  is  watched  in  the  morning  hours  during 
the  last  half  of  the  year.  At  such  times  it  is  often  possible  to 
note  20  or  25  of  these  objects  during  an  hour,  though  no  par- 
ticularly active  shower  may  be  in  progress  at  the  time.  On 
certain  specific  nights  the  numbers  visible  exhibit  a  great  increase, 
due  to  the  recurrence  of  periodic  showers.  On  ordinary  nights 
the  shooting  stars  which  are  seen  belong  to  a  number  of  feeble 
streams,  and  were  formerly  caUed  sporadic  meteors,  but  the  term 
has  now  lost  much  of  its  significance,  for  it  has  been  proved  that 
as  a  rule  the  seemingly  erratic  members  belong  to  definite  systems 
whose  radiant  points  are  capable  of  being  discovered  by  pro- 
longed and  critical  observation.  Certain  of  these  systems  appear 
to  be  of  extreme  tenuity,  so  that  a  single  observer  may  only  notice, 
during  an  entire  night,  one  or  two  meteors  from  each  of  them. 
It  is  therefore  found  necessary  to  combine  the  records  of  several 
consecutive  nights  of  observation  in  order  to  ascertain  their 
radiant  points. 

There  is  a  variation  in  the  visible  number  of  meteors,  which  is 
regulated  both  by  the  season  of  the  year  and  the  hour  of  the 
night.  During  the  last  six  months  of  the  year  there  are  double 
the  number  compared  with  the  first  six  months.  As  to  the 
diurnal  variation,  it  is  found  that  the  hourly  rate  increases  up  to 
2  or  3  A.M.,  when  the  maximum  is  reached.  From  a  large  number 
of  observations  by  M.  Coulvier-Qravier  the  following  numbers 
were  derived  ** : — 

^  Reekerche*  mr  te$  MiUortt  €i  lu  Ida  qui  Ut  rigUaenif  Pftrit  1859,  PP*  3X7*30. 
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1  .  » 

1   .- 1« 


«     .     7 


7-0 

*5 

*3 

8-4    .. 

i^3 

II-O      ... 

7-9 

tt-t     ... 

»« 

13-3    .. 

9-5 

t*S 

i»7 

i;* 

..      i3-» 

t»4     ... 

..     lU 

.jtr 

.5< 

184 

.3« 

18.4 

Below  IB  added  for  companBon  the  honuy  nomber  found  &01 
observations  at  BrutoL  Aboat  three-fonrtha  of  tbeae  were  hen 
ever  obtained  daring  the  last  half  of  the  year,  and  the  figon 
(which  show  a  good  agreement  with  M.  Coulvifir^ra'vier's)  ai 
therefore  rather  higher  than  would  be  yielded  by  data  equall 
distributed  over  the  first  and  last  six  montliB: — 


As  to  the  monthly  mean  of  the  hourly  number  of  visibl 
Hhooting  stars,  the  following  values  are  given  by  MM.  Conlvier 
Oravier  and  Saigey  and  by  Denning  :— 


Mar.  . 
April  . 
Mk;    . 


.   ...  3.6  ...   . 

Dmolng. 

Month. 
July    ... 

.     ■■■    J7    

S-8 

A«g.   ... 

.    ...    J-7    ...     . 

67 

S«pt.   ... 

.    .-.    3-7    

.     .-    3-8    

S'5 

Oot.    ... 
Nov.   ... 

■     •■■     3-»     

D«.    ... 

'     ■■■     i*     

6-3 

July  to  r 

Tliu  two  series  of  figures,  though  not  agreeing  amongst  them 
solves,  yet  plainly  indicate  the  great  excess  of  shooting  star 
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during  the  last  half  of  the  year.  Aerolites  and  Fireballs,  indeed 
every  form  of  meteoric  phenomena,  appear  to  attain  their 
maximum  during  the  period  from  July  to  December.  There 
is  a  great  increase  in  the  horary  numbers  at  about  the  middle  of 
July,  and  an  equivalent  decrease  at  the  middle  of  December. 
Though  the  earth  is  much  nearer  to  the  sun  during  the  last  half 
of  December  and  in  January  than  in  July  and  August,  the  rate  of 
meteoric  apparitions  during  the  former  period  is  scarcely  more 
than  one-third  that  of  the  latter.  This  circumstance  is  mentioned 
by  way  of  challenge  to  the  idea  that  meteors  are  more  densely 
Aggregated  in  regions  nearer  the  sun.  The  systems  of  these 
bodies  annually  encountered  by  the  Earth  evidently  manifest 
a  peculiar  distribution  which  further  observations  may  elucidate. 

Mr.  Qr^*s  last  general  catalogue^  of  the  radiant  points  of 
shooting  stars,  published  in  1876,  was  based  on  850  radiants 
deduced  from  i5,cxx)  catalogued  meteors.  At  the  present  time 
we  have  more  than  3CXX)  radiants,  derived  from  upwards  of 
82,000  meteors.  These  observations  have  been  rapidly  accumu- 
lating in  recent  years.  Of  the  3000  radiants  referred  to  as 
having  been  now  determined,  a  large  proportion  are  dupli- 
cate positions  of  identical  showers,  and  it  is  probable  that  not 
more  than  500  distinct  showers  have  been  definitely  ascertained. 

Upon  analysing  all  the  positions,  Denning  finds  that  they 
indicate  a  very  uneven  dispersion  amongst  the  constellations, 
a  fact  which  is  due  partly  to  real  differences  and,  in  a  less  degree, 
to  the  relatively  excessive  observations  gathered  in  certain 
favourable  months  of  the  year.  In  Right  Ascension  the  radiant 
points  are  situated  as  follows : — 


R.A. 

0 

0 

Radianto. 

Percent 

0 

R.A. 

0 

lUdlMite. 

Percent. 

I    to 

30 

378 

13.4 

181 

to 

3IO 

147 

4.8 

31         M 

60 

449 

14-8 

311 

340 

186 

6.1 

61       n 

90 

315 

10.3 

241 

370 

317 

7.3 

91         M 

120 

J  39 

7.6 

371 

300 

354 

8.4 

131       „ 

150 

193 

63 

301 

330 

343 

80 

151          M 

180 

143 

4-7 

33 « 

0 

383 

9-3 

<>  BHt,   As$oe.    Sep.,    1876,   p.    119.     showen  are  from  the  Month.  Noi.^  toI. 
These  and    the    foUowing   notes   with     xItU.  pp.  35^39  (^o^-  i986). 
reference  to  the  diftribution  of  meteor 
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The  meteor  streams  are  found  in  greatest  abundaDce 
1°  and  60"  of  R,A.  This  ia  a  fact  irreepectivo  of  the 
showers  of  Andromedes  (Nov.  27)  and  Perseids  (Aug.  loi 
fall  in  this  region,  and  might  he  supposed  to  have  induced  lie 
singular  condensation  referred  to.  The  area,  following  it,  from 
61°  to  90°,  shows  a  great  decline,  notwithstanding  it  iBclmiw 


^Wllitiiiiiii 


DiaTBIBUTION 


the  Orionids  {Oct,  j  7-ao),  and  the  mass  of  showers  originatiti^ 
in  Auriga,  Camelopardus,  and  the  eastern  quarter  of  Taunt. 
And  the  area,  331°  to  o'  preceding  the  area  of  maximum, 
though  rich  in  Aquariads,  Pegaaids,  Irficertidfl,  and  Cepheidfl, 
exhihite  a  great  deficiency  as  compared  with  it.  The  excess, 
decided  in  character,  between   1°  and   60"   is  distinctly  to 
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attributed  to  the  Cassiopeids,  a,  fi,  and  y  Andromedes,  Arietids, 
Muscids,  a  and  p  Perseids,  Taurids,  &c.,  which,  combined  with 
the  cometary  showers  of  Andromedes  and  Perseids,  swell  the 
aggregate  number  to  an  abnormal  figure. 

The  minimum  proportion  of  showers  is  clearly  between 
151''  and  210''  R.A.,  and  does  not  much  exceed  one-third  of  those 
grouped  between  i""  and  60"",  the  relative  figures  being  289  and 
827. 

In  North  Polar  Distance  the  showers  ai*e  placed  as  follows : — 


N.P.D. 

0              0 

RadiMtfl. 

Peroen 

0    to      9 

39 

1-3 

10     „     19 

I4« 

4-7 

ao    ,,    39 

343 

80 

30    »»    39 

473 

15-6 

40    „    49 

489 

1 6*1 

SO    M    59 

415 

137 

N.P.D. 

Radiantiu 

FMroe 

0              0 

60    io    69 

39a 

13-9 

70    ..    79 

335 

II-O 

80    „    89 

311 

6*9 

90    M    99 

137 

4a 

+  99 

170 

5-6 

The  maximum  obviously  lies  between  30°  and  49°  N.PJ).,  and 
the  minimum  naturally  occurs  at  the  pole,  inasmuch  as  the  zone 
o""  to  9""  includes  a  much  smaller  area  than  any  other. 

The  distribution  of  the  observed  radiants  in  N.P.D.  is  affected 
by  the  differences  in  the  areas  of  the  several  zones  and  their 
relative  d^prees  of  visibility.  Though  towards  the  pole  the  total 
space  included  in  the  zones  becomes  less,  yet  this  is  in  a  large 
measure  compensated  for  by  their  more  favourable  position  and 
the  persistency  with  which  they  are  displayed  to  view.  The 
entire  zones,  from  o""  to  49''  N.P.D.,  never  fall  below  the  horizon 
in  England,  and  such  showers  as  they  present  are  therefore 
determinable  at  any  period  of  the  year  or  time  of  night  This 
applies  specially  to  English  latitudes,  but  it  also  has  a  genera] 
reference  (with  perhaps  slight  modifications  in  certain  instances) 
because  nearly  all  our  existing  observations  of  shooting  stars 
have  been  made  at  stations  having  considerable  {i.e,  exceeding 
35"")  North  latitude.  The  summary  proves  that  while  the  two 
zones  embraced  between  the  parallels  of  30°  and  49^  N.P.D.  have 
the  largest  number  of  recorded  streams,  the  three  zones  succeeding 
towards  the  equator  exhibit  a  gradual  decline,  though  each  re- 
mains fairly  prolific.    The  Andromedes,  Perseids,  and  Quadrantids 
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aie  wranged  between  30°  and  49°,  while  the  Geminids,  Leonids, 
and  Lynda,  lie  between  50°  and  69^  NJ*.D.  Considering  »U 
tho  circumstances,  there  do  not  appear  to  be  great  inequalitiefl 
of  grouping  in  North  Polar  Distance  analogous  to  IhoBe  which 
undoubtedly  occur  in  Right  Ascension,  but  the  point  requires 
further  investigation. 

In  considering  the  distribution  of  meteor  streams,  aeverai 
important  conditions  must  not  be  lust  sight  of.  The  bulk  of  the 
observations  have  been  effected  in  the  summer  months,  whence  it 
necessarily  follows  that  such  constellations  as  are  most  favour- 
ably visible  at  this  period  must  certainly  appear  to  exhibit  a 
predominance  of  showers.  The  comparative  monthly  numbers 
of  meteore  registered  (82,156  meteors  in  all)  yield  the  followiug 
result : — 


Mooth. 

CilalDgiied. 

Par  nnl. 

Hunth. 

r*'C"l 

Janoar; 

*8o4 

3'* 

July 

.0670 

Febrwy 

1816 

11 

Aagaet 

315.6 

Much 

.764 

J-l 

Septeoibfr 

43<M 

April 

5S8S 

6.8 

October 

6840 

M»y 

IIIO 

1-6 

fl3'9 

June 

'3S3 

J.y 

December 

40SS 

% 

[I^order.       I 


These  numbers  are  derived  from  the  catalogues  of  Corder, 
Denning,  Denza,  Heis,  Konkoly,  Lucas,  Sawyer,  Schmidt,  Tupman, 
Weiss,  Zezioli,  and  the  Italian  Meteoric  Association,  1869,  1870, 
and  1872,  and  some  minor  lists. 

More  than  one-half  the  total  number  of  observations  were 
obtained  in  July  and  August,  and,  in  point  of  fact,  are  nearly  all 
embraced  between  the  period  from  July  20  to  August  15.  The 
majority  of  the  observations  have  been  secured  before  midtiigbt, 
and  it  ia  therefore  certain  that  tho  region  of  31°  to  60°  R.A-, 
which  is  for  the  most  part  either  below  the  horizon  or  low  in  the 
North-East  at  the  special  epoch  when  the  largest  number  of 
meteors  have  been  recorded,  ia  not  rendered  rich  solely  by  this 
abundance  of  observations.  Indeed  the  months  of  September, 
October,  and  November  appear  to  have  furnished,  relatively  to 
the  number  of  meteors  catalogued,  by  far  the  greatest  number  of 
showers  in  this  quarter  of  the  sky.     It  seems,  therefore,  that  the 
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great  fertility  in  streaiiiB  of  the  region  about  AHdromtda.  Aria, 
and  Perteut  is  a  real  fact,  which  cannot  be  explained  away  on  the 

Fig.  14,6. 


ground  that  it  arises  from  excessive  observations  at  special 
periods,  or  that  it  is  due  to  any  conditions  likely  to  induce  a 
misleading  result. 

I  will  now  refer  to  the  welUknown  and  beautiful  showera  **  of 
shooting  stars  seen  at  certain  epochs  with  such  striking  effect 

One  of  the  earliest  notices  we  find  in  history  of  this  pheno- 
menon is  by  Theophanes  the  Byzantine  historian,  who  relates 
that  in  November  472  a.d.  the  sky  at  Constantinople  appeared 
to  he  on  fire  with  flying  meteors.  Cond^,  in  bis  history  of  the 
dominion  of  the  Arabs,  speaking  of  the  year  902  a.d.,  states  that 
in  the  month  of  October,  on  the  night  of  the  death  of  King 
Ibrahim -Ben-Ahmed,  an  immense  number  of  falling  stars  were 

■■  An  iDlemtiiig  csUlogac  hj  Newtnn      xiivii.  p.  377,  tuI.  xiivJil.  p.  jj,  H>5 
will  be  fonnd  <ii  Hillinutn't  Jomrnal,  ind      and  Jnlj  1S64. 
Ser.,  to),  uivi.  f.  145,  Jul;  1S63 :  foL 
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seen  to  spread  themselves  over  the  face  of  the  sky  like  rain,  and 
that  the  year  in  question  was  thenceforth  called  the  ''Year  of 
Stars."  In  some  Eastern  Annals  of  Cairo  it  b  related  that:  ''In 
this  year,  in  the  month  Be^jeb  [Aognst  1029],  many  stars  passed, 
with  a  great  noise,  and  brilliant  light; "  and  in  another  passage  it 
says:  "In  the  year  599,  on  Saturday  night,  in  the  last  Moiarrun 
[Oct.  19,  1202],  the  stars  appeared  like  waves  upon  the  sky, 
towards  the  east  and  west;  they  flew  about  like  grasshoppers, 
and  were  dispersed  from  left  to  right;  this  lasted  till  daybreak: 
the  people  were  alarmed."  It  is  also  recorded  that  a  remark- 
able display  took  place  in  England  and  France  on  April  4,  1095. 
The  stars  seemed  ''falling  like  a  shower  of  rain  finom  heaven 
upon  the  Earth,"  and  an  eyewitness,  having  noticed  where  an 
aerolite  fell,  "  cast  water  upon  it,  which  was  raised  in  steam 
with  a  great  noise  of  boiling."  In  the  Chronicle  of  Rheims  we 
read  that  the  stars  in  heaven  were  driven  like  dust  before  the 
wind,  and  Rastel  says  that:  "By  the  report  of  the  common 
people  in  this  kyngo  s  time  [William  11]  divers  great  wonders 
were  sene :  and  therefore  the  kynge  was  told  by  divei-s  of  his 
familiars  that  Go<l  was  not  content  with  his  ly vying;  but  he 
was  so  wilful  and  proud  of  mind,  that  he  regarded  little  their 
saying." 

In  modem  times,  the  earliest  shower  of  falling  stars  of  which 
we  have  any  detailed  description  is  that  of  Nov.  13,  1799,  which 
was  visible  throughout  nearly  the  whole  of  North  and  South 
America:  it  was  seen  even  in  Greenland  by  the  Moravian 
missionaries.  Humboldt,  then  travelling  with  M.  Bonpland,  in 
South  America,  says : — 

<' Towards  the  morning  [of  the  la^**]  the  most  extraordinary  Inminooi  meteon 
were  leen  towards  the  £.  .  .  Thousands  of  bolides  and  {Sailing  stars  snooeeded  each 
other  during  4  hours.  Their  direction  was  very  regularly  from  North  to  Sooth.  . .  . 
From  the  beginning  of  the  phenomenon  there  was  not  a  space  in  the  firmament 
equal  in  extent  to  3  diameters  of  the  Moon  that  was  not  filled  every  instant  with 
bolides  and  falling  stars.  .  .  .  All  these  meteors  left  luminous  traces  from  5  to  10 
degrees  in  length,  as  often  happens  in  the  equinoctial  regions.  The  phosphorescence 
of  these  traces  lasted  7  or  8  secondp  *.** 

•*  Humboldt  and  Bonpland,  Personal  Ifarratire  of  TrartUf  trans.  Williams,  vol. 
>"•  P-  33'-  T^nd.  1881. 
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Mr.  Ellicott,  an  agent  of  the  United  States,  at  sea  in  the  Gulf 
of  Mexico,  thus  desoribes  the  scene: — 

"  Aboat  3  o'dook  A.X.  I  wfts  called  up  to  lee  the  ihootmg  itan,  fts  it  if  oommoiily 
called.  The  phenomeium  wm  grand  and  awfol;  the  whole  hearen  appeared  as 
if  illmninated  with  sky-rockets,  which  disi^ypeared  onlj  bj  the  light  of  the  Sun  after 
daybreak.  The  meteors,  which  at  any  one  instant  of  time  appeared  as  nnmerons  as 
the  stars,  flew  in  all  possible  directions,  except  from  the  Earth,  toward  which  they 
all  inclined  more  or  less;  and  some  of  them  descended  perpendicularly  oyer  the 
▼essel  we  were  in,  so  that  I  was  in  constant  expectation  of  their  fiJling  among  ns'. " 

The  same  observer  also  states  that  his  thermometer  suddenly 
fell  30'',  and  the  wind  changed  from  S.  to  N.W.,  whence  it  blew 
with  great  violence  «  for  3  days. 

Meteoric  showers  were  also  witnessed  in  North  America,  in  the 
years  1814,  1818,  and  1819. 

Fine  meteoric  displays  took  place  in  1831  and  183a,  in  both 
cases  on  Nov.  i^.  Captain  Hammond,  of  the  ship  Reslituliou^ 
then  in  the  Bed  Sea,  off  Mocha,  thus  describes  the  latter : — 

"  From  I  o'clock  A.  M .  tiU  after  daylight,  there  was  a  very  anasaal  phenomenon  in 
the  heavens.  It  appeared  like  meteors  bursting  in  erery  direction.  The  sky  at  the 
time  was  dear,  the  stars  and  Moon  bright,  with  streaks  of  light  and  thin  white  doads 
interspersed  in  the  sky.  On  landing  in  the  morning,  I  inquired  of  the  Arabs  if  they 
had  noticed  the  above.  They  said  they  had  been  obsenring  it  most  of  the  night  I 
asked  if  oyer  the  like  had  appeared  before.   The  oldest  of  them  replied  that  it  had  not  V 

This  shower  was  seen  from  Arabia,  westward  to  the  Atlantic, 
and  from  the  Mauritius  to  Swit2serland.  Various  descriptions  of 
it  and  of  other  star  showers  were  collected  by  Arago  in  a  Memoir 
on  shooting  stars  which  will  be  alluded  to  again  presently. 

By  far  the  most  splendid  display  of  shooting  meteors  on  record 
was  that  of  Nov.  13,  1833,  and  one  which  served  to  point  out  the 
periodicity  of  the  phenomenon.  It  seems  to  have  been  visible 
over  nearly  the  whole  of  the  Northern  portion  of  the  American 
continent,  or,  more  exactly,  from  the  Canadian  lakes  nearly  to  the 
equator.  Over  this  immense  area  a  sight  of  the  most  imposing 
grandeur  seems  to  have  presented  itself.  The  phenomenon 
commenced  at  about  midnight,  and  was  at  its  height  at  about 

'  Traiu,qfih€ American PkUosophical  that    windy  and    stormy  weather  was 

Soe,f  Tol.  vi.  p.  28.   1809.  likely  to  occur. 

'  The  prevalence  of  meteors  was  for-  b  SUUman^s  Awteriean  Jomm.,  istSer., 

merly  considered  an  unfailing  indication  vol.  xxvi.  p.  136.  1834. 
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',  A-if.  .Sfrv^ril  of  ih*:  meu<.'i>  were  of  peculiar  form  and  coi 
^Kkr&hl^  ma^itude.  One  was  e^rpeeially  remarked  from  it 
rtzUAiniuf^  for  --/^rne  time  in  the  zenith  over  the  Falls  of  Niagmn 
t-.TnitiiTtis  radiant  htream«  of  light.  In  many  parts  of  the  eountr 
the  j;oj>ijlation  were  terror-stricken  by  the  beanty  and  magni 
Hfvijattz  of  the  Hpectacle  before  them.  A  planter  of  South  Ckrolin 
thiJh  narrates  the  effect  of  the  phenomenon  on  the  iwiwAi  of  tb 
i^^iorant  blacks : — 

"  I  wk«t  Mij'Metily  awaken«4  \*y  the  moet  dlftreHing  criM  that  ersr  fell  €■  BJiH 
Shri<;k«  of  horrr/r  and  cric«  V/r  mercv  I  or^ald  hear  from  most  of  tlia  Bonvwdf  tf 
3  fiUntotionK,  ainounting  in  »11  to  a^iofjt  600  or  800.  While  Miufdy  HrtaA^y  4 
th«;  caiiM  I  hirftrrl  a  faint  voice  near  the  door,  calling  mj  name.  I 
rny  rntroM,  tkUnA  at  tke  d'Kir.  At  thiA  moment  I  heard  the  muw 
rne  to  rii!«,  and  Mi>-in((,  '  O  my  Orjd,  the  world  if  on  fire ! '  I  then 
and  it  ia  difficult  Ut  nay  which  excited  me  the  most — the  airftilnwi  of  tW 
or  the  dintrettieil  crie«i  of  the  ne^^roei'.  Upwarda  of  1 00  lay  proairate  00  tha 
noiiif  ii|ie«'chl«iM,  and  Hoine  with  the  Mtterest  cries,  hat  with  tlicir  haai 
irfi{#lorint(  Hi  A  Xf*  Have  the  world  and  them.  The  Mene  was  truly  awfol  ;  far  Mil 
rlid  rain  fall  uiiirh  thiekrrr  than  the  meteors  fell  towards  the  Earth ; 
and  HfiiJth,  it  waji  thu  same  '.*' 


'Wi".  iriet(M>rH  of  which  the  above  shower  was  composed  aeem  I 
Iiave  lnM;n  h«-cii  of  3  ditiercnt  kinds  : — 

I.  PhoHplioi'ic  lines,  apparently  described  by  a  point,  lliei 
wfn;  th(!  most  a))imrlant;  they  passed  along  the  sky  with  in 
iiHJiHf!  velocity,  as  numerous  as  the  flakes  of  a  sharp  snow-stoni 

i.  liitr^e  fireliallH,  which  darted  forth  at  intervals  across  tb 
Hky,  dcH('.ri)>ing  large  arcs  in  a  few  seconds.  Luminous  train 
marked  thoir  paths,  which  remained  in  view  for  a  number  c 
ininut<'H,  and  in  sonu;  crises  for  half  an  hour  or  more.  The  train 
wrrn  gt'iicrally  whitts  ])ut  the  various  prismatic  colours  oc 
cnHioiiiilly  ap])ranMl,  vividly  and  l)oautifully  displayed.  Some  c 
thcM'  tirrlmllH  wrn^  of  enormous  size;  indeed,  one  was  seei 
larger  tluiii  the  Moon  when  at  its  full. 

\,  Luminosities  of  irregular  form,  which  remained  stationar 
for  a  eoiisidonilile  time.  The  one  alH)vc  mentioned  as  havinj 
been  sei'U  at  the  Fulls  of  Niagam  was  of  this  kind^. 

'  (^lotnl  in  M iliuTH lutUn-if  of  .Vti^Mir.  ^  i^uoted in  Milner » (lofi* ry  of  Satttn 
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Subfleqnently  to  1 833  the  month  of  Novemher  was  for  some 
years  distinguiehed  by  an  unusual  number  of  shooting  stare ;  but 
none  of  the  showers  equalled  that  which  I  have  just  described, 
though  those  of  1866  and  1867  were  extremely  striking,  the 
former  one,  perhaps,  especially  so. 

Fig.  1^7. 


TRACKS  OP  MnUU  MRU   XT   OUUWtCU,   NOV.  Ij,  I866. 

The  following  letter,  penned  by  Dawes,  who  observed  the 
meteors  in  Buckinghamshire,  furnishes  us  with  a  brief  and  clear 
description  of  most  of  the  salient  features  of  the  shower  of  1866, 
which  were  attentively  watched  and  very  similarly  described  by 
other  competent  observers: — 

"Between  mldiiight  nn  the  tjtli  uid  14^ 
countsH  by  mywlf  Mid  nne  MiliUDt  in  thr  eMMni  hMukphcrr. 


M>^MX*f^M0^  ^f  Wfvr^  wvt  Wife  -a 

«K  r*  4^^  4  ^    1^!M1t  "dU^  ^9f CUBIC pHmB 

^4    >4^     f^i^^  •':i'^  '^ATTowflffin^ 

mi^/0^}0h0y  ^/0^ttuM  U>  ti^  OU  Woviii  mmA  qnle  mTisiUe  in 
kfH^'t^M  Ih  t^Z/Js  t>/A,  MtA  t^i^  tb/t  shcfwer  igcuiieJ  on  the 
iMif/^  /Im4a,  il#//ti({ti  4^lir$ifti(  *iit0^t  yettr,  and  was  fariDiantlT  visihle 
)^^  A^^*^#1i^  tl#//»i((fi  ri//i  ftr^iiparmble  with  the  disfday  of  1833. 
f^)fiHn  iHji  iiiU  \9\^urtut^um  han  (leen  feeUj  visible  at  its  annual 
M.|/MM»«,  th^/«i((h  fi%'h\mtrsii4\  at  Bristol  in  1H76, 1877,  1879,  1885, 
HIM'/,  sfMl  iHHH,  III  1879  and  1888,  on  the  morning  of  Nov.  14, 
Mm*  NlfffWMr  WMM  ritUMir  rvirmpicuouM,  and  it  furnished  some  brilliant 
iM(»l<«*<Mf«  fiifiM  tliM  MniiMi  riuliant  as  observed  in  1833  and  1866. 

AmmIiIimi  Miiit<iioi' Mhowiu' of  f^reat  importance  occurs  annually  on 
Am||  im  PiilillnaM^iiitlnii  waNdrHt  directed  to  that  date  by  Ignace 
MiHlnThMMmN  Koi'nUtr,  of  Hnigtm"*,  and  his  diary  even  contained  a 
mmIm  \\\  Kn  HiMiunl  ohariiotor  as  oarly  as  the  year  181 1.     But  it 

»    !•»   Ws.#.^»»l  U   p  ^\yi^.    IW   iHftft.  Nov.  li,  183J,  inthe  JffM.,  R.A.S.,  Tol. 

hi   U*    Hs^  .  N»»l   ^Ml  !♦   •?!,  Nov.  lM*|^»  vill.  p.  76,  (Noiet  to  a  SUr  Cmtelogti< 
Mt     >N*»M»  »Uv\%   iilM\MoH   lo  iWkWft'n  ■•  TA#   iVrmniAl    Cmltmdmr^  p.    400. 

o^(|itmi)  oUv\MiMoH«  1^  IIm»  m^'lf^^ti  of  Iami^).  1S14. 
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was  not  until  A.  Quetelet  constructed  in  1836  the  first  general 
catalogue  of  meteor  showers,  that  the  fact  of  its  annual  recur- 
rence was  fully  recognised  and  established.  The  shower  was 
independently  expected  and  successfully  observed  by  K  C.  Herrick 
in  the  United  States'^,  and  by  Quetelet  at  Brussels,  in  the  years 
1836  and  1837;  and  it  has  since  never  failed  to  be  annually 
recorded.  Years  of  maximum  and  minimum  brightness  have 
occasionally  been  noticed,  the  year  1863  having  been  of  the 
former,  and  the  years  1862,  1876,  and  1888  of  the  latter  class,  but 
meteors  of  this  shower  appear  never  to  be  entirely  absent  during 
the  nights  of  August  9-11  in  each  year.  Herrick  regarded 
the  position  of  the  radiant-point  as  being  near  the  cluster  (x)  in 
the  sword-hand  of  Perseus ;  and  another  position  at  B,  C,  Camel- 
opardi  was  also  noted  by  Sir  John  Herschel  at  Slough  in  the 
year  1840.  The  exact  radiant  point  has  more  recently  been 
determined  with  great  precision  at  R.A.  45'',  DecL  +  57"",  which 
is  a  few  degrees  N.E.  of  the  star  t}  Persei.  This  stream  is  remark- 
able for  its  extended  duration,  and  for  the  obvious  displacement 
which  occurs  from  night  to  night  in  the  apparent  position  of  its 
radiant.  The  period  of  its  visibility  appears  to  cover  the  43  nights 
from  July  11  to  Aug.  22  inclusive,  during  which  the  centre  of 
radiation  advances  from  R.A.  1 1  **,  Decl.  +  48°,  to  R. A.  76'',Decl.  +  57^ 
according  to  the  observations  of  Denning.  The  following  are  the 
places  successively  taken  up  by  the  radiant  on  different  nights: — 

Date.  R.A.    D«cl.  Date. 

o  o 

July  II      II    +48  Aug.  10     

»     18      18    +51        I  „      15 

Aug.     1         35      +55  I  „         23       

The  displacement  in  the  radiant °  is  more  rapid  after  the  maxi- 
mum on  Aug.  10  than  before  it.  This  shower  does  not  exhibit 
great  variations  in  its  annual  richness ;  on  the  morning  of  Aug.  1 1 
it  usually  yields  from  60  to  80  meteors  per  hour  for  one 
observer. 

■  SiUimam^s   Journal^   lit   8er.,  toI.  and  Bome  other  ihowen.    In  1888  the 

zzziii.  pp.  176  and  354.  earliatt  indication  of  the  Peneid  ihower 

«  A  diiplaoement  ii  alio  Boipeoted  in  waf  leen  on  Jnlj  8  with   radiant  at 

the  direrging  point  of  the  April  meteors  RJL  5^,  Ded.  -1-  49^,  (lee  p.  641). 


R.A. 
48 

DmI. 

0 

+  57 

54 

+  57 

67 

+  57 

76 

+  57 

;.  X4'  wQIflaBwejs 

lo  tJw  i^M  «r  Cbe  «rtit  a 
ma.    ItwiDalw 
lit*  6»f  m  qi 


■uKHHtliiig  t<i  tho  diroumatAnocit  of  each  yoar. 
1  1(1  1 3  rt'pi'CM(>ut  the  I  i  inontha  of  tlio  year. 

AmiUki.ir  nifitoor  ittiowcr  has  in  recent  years  become  vi 
proiuiueut.  U  oocuri'ed  with  impo&iiig  gra&dcur  on  Novem 
i?!  187^  wiJ  November  a?,  188,5,  and  was  widely  obeenrecL 
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abundance  of  its  meteors  was  remarkable  on  both  occasions. 
Mr.  K  J.  Lowe,  who  watched  the  display  of  1872,  computed  that 
58,660  meteors  fell  during  the  period  fix)m  5**  50"  to  10^  30™  p.m. 
At  Moncalieri,  33,000  meteors  were  counted  by  Denza  and 
his  assistants.  Prof.  Herschel  collected  and  compared  the 
positions  of  the  radiant  as  given  by  90  observers.  He  found  the 
mean  place  at  R.A.  25*  1**,  Decl.  +  4a'9°  (closely  N.W.  of  y  Andro- 
medse)^  from  35  of  the  best  observations.  This  shower  recurred 
with  equal  splendour  on  Nov.  27,  1885.  At  Moncalieri,  Denssa 
and  3  assistants  observed  nearly  40,000  meteors  during  the  4^ 
from  6  to  10  P.M.  At  many  other  stations,  both  in  England  and 
abroad,  the  phenomenon  was  of  similar  intensity,  and  it  was 
watched  with  all  the  ardour  that  a  great  celestial  event  can 
inspire.  It  was  particularly  noticed  that  the  radiation  was 
diflfused  over  7""  or  more  near  the  star  y  Andromedse,  and  Ranyard 
considered  it  to  have  been  elliptical,  with  its  major  axis  North 
and  South,  la""  or  15''  long,  and  a  minor  axis  of  6°  or  8^ 
Denning  found  the  mean  position  of  the  radiant  from  33  obser- 
vations to  be  at  R A.  237*",  DecL  +  44.3°,  which  accords  closely 
with  the  centre  assigned  by  Prof.  Herschel  for  the  shower  of  1872. 

These  meteors  are  called  AndromeffeSj  from  the  fact  that  they 
diverge  from  Andromeda.  The  shower  of  Nov.  14  is  termed  the 
Leonuhy  and  that  of  August  10  the  Perseids.  Some  other  con- 
spicuous showers  are  distinguished  by  titles :  thus  we  have  the 
Qnadrantids  of  Jan.  2,  the  Lj/rids  of  April  20,  the  Orionids  of 
Oct.  18-20,  and  the  Geminids  of  Dec  10-12,  &c. 

The  annual  recurrence  of  the  January  shower  was  noticed  by 
Wartmann  at  Geneva  in  1835-8,  and  its  radiant-point  was  deter- 
mined by  Stillman  Masters  in  America  in  January  1863.  The 
recurrence  of  the  April  and  October  showers  was  shown  by 
Herrick,  in  America,  in  1839,  who  also  ascertained  their  radiant- 
points.  The  November  shower  of  Andramedes  has  appeared  at 
intervals  since  the  close  of  the  last  century,  and  we  owe  to 
Herrick  in  1838,  and  subsequently  to  Heis  and  Schiaparelli,  the 
best  observations  of  its  radiant-point  previously  to  one  of  its 
cyclical  returns  in  the  year  1872.    Like  all  the  foregoing  meteor 
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showeny  enosfi  the  last,  the  Gewnmids  are  aho  mmmmmlfy  reeiiiTeiit» 
and  this  diaiacter  was  notieed  and  the  ladiani-point  of  the 
shower  was  determined  nmultaneoiisly  by  Mr.  Greg  in  England, 
and  by  ProfeMCH'  Twining  in  Ameriea,  on  December  la,  1863. 
Indications  of  periodicity  and  of  early  notices  of  years  of  maxima 
in  these  appearances  have  been  sought  for,  with  some  snoeess,  in 
catalogoes  of  meteor  sho  weis  by  Prof.  Newton  '  and  Fkt>f .  KiriL- 
wood  with  the  probable  result  announced  by  Kirkwood  *  that  the 
meteors  of  April,  October,  and  December  revolye  in  periods  re- 
spectively of  28^,  27I,  and  29  years,  while  the  January  metecH* 
ring  has  a  suspected  period  of  about  13  years. 

Many  of  the  astronomical  views  concerning  shooting  stars 
adopted  before  the  first  predicted  return  of  the  November  meteors 
in  1866--67  were  due  to  a  valuable  memoir  by  Olbers  ',  in  which  in 
the  place  of  orbits  approximately  circular  like  those  conceived  by 
Blot,  and  in  the  contemporaneous  paper  on  shooting  stars  above 
referred  to,  by  Arago,  they  were  assumed  to  move  rather  in 
comet-like  or  very  elongated  orbits.  The  33-year  cycle  of  the 
November  meteors  was  pointed  out  and  thus  explained  by 
Olbers,  who  also  ventured  to  predict  a  probable  great  return 
of  the  November  meteors  about  the  year  1867,  which  prediction, 
as  well  as  the  grounds  upon  which  it  rested,  was  verified  by  the 
event. 

Subdividing  the  recorded  instances  of  great  showers  of  shooting 
stars  according  to  the  months  of  the  year,  we  obtain  the  follow- 
ing results : — 


Janiutry    ... 
Febnubry  ... 
Mftieh 

10 

10 

13 

April 

May 

Jane 

17 

4 

2 

55 


Jnly  ... 

14) 

AugUBt 

56 

September, 

'3 

October 

29 

NoTember 

38 

December 

n) 

167. 


We  thus  find,  and  it  is  worthy  of  especial  remark,  that  the 
coincidence  to  which  I  have  already  adverted  in  the  case  of  aero- 

P  StUimam^s  Journal,  and  Ser.,  toI.  1870,  and  vol.  ziiL  p.  501,  Nov.   ai, 

zzzvi.  p.  145,  July  1863.  1873. 

«  Ftoeeedingi  qf  the  Amerieam  Philo-  ^  Sohiimaoher*B  Jakrhnek,  1837,  P*  3^* 
itophieal  Society f  vol.  zi.  p.  299,  March  4, 
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lites,  fireballs  and  other  meteors  also,  obtains  with  the  showers 
of  shooting  stars — ^namely,  that  the  Earth  encounters  a  larger 
number  of  these  bodies  in  passing  from  aphelion  to  perihelion, 
or  between  July  and  January,  than  in  passing  from  perihelion  to 
aphelion,  or  between  January  and  July. 

In  concluding  this  chapter,  brief  reference  may  be  made  to  the 
apparent  magnitudes  of  meteors'.  From  many  thousands  of 
observations  recorded  in  various  published  catalogues  it  would 
appear  that  the  following  is  something  like  the  relative  bright- 
ness of  these  bodies  : — 

Star  of—  4th  mac.      Total  No. 

>  itt  mag.       s  iitb       at  and.        s  3rd.    and  lav.     of  Mataom 

Perosni.        3-0        io-6        18-4        a6-a        41.8        35*134 

InoreMe  per  cent.     ...  7-6  7*8  7-8        I5<6 

The  numbers  show  a  definite  increase  of  7*8  per  cent.  There 
is  an  enormous  excess  of  fednt  meteors  as  compared  with  the 
more  brilliant  forms  of  these  phenomena  ^ 

■  An  article  in  The  Ob^ervaioty,  vol.  pp.  392-314.    Alio  »  CAtftlqgiie,  extend- 

ii.  p.  ao  (Bifty  1878),  mmj  be  confolted  ing  from  538-1233  a.d.,  bj  CliMlee,  in 

for  farther  detoili.  Compi,  Bemd,,  toI.  i.  pp.  499-509.   1841. 

*  A  caUlogae  of  aai  meteoric  showers  For  an  aoconnt  of  Qaetelet's  CSatelpgoe 

is  giren  in  Arago*8  Aii,  Pop.,  vol.  iv.  see  p.  628,  poH. 
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CHAPTER  IV. 

THE  THEORY  OF  METEOBSL 

MeUon  are  planetary  hodtes, — Their  periodicity, — Meteoric  oMie. — Meeaarche$  rf 
Newton  and  Adams,— Orbit  of  the  meteon  of  Norember  13. — IdenHiy  of  the 
orintu  qf  eomete  and  meteors, — The  meteor  shweers  of  Noe.  13  amd  27. — Meessi, 
progress  of  Meteoric  Astronomy, — TtAle  of  the  chief  radiami  points. 

IT  has  been  mentioned  in  a  previous  chapter  that  it  is  to  some 
extent  doubtful  whether  aerolites,  fireballs  and  shooting  stan 
are  manifestations  of  identical  phenomena  or  whether  they  belong 
to  distinct  classes  of  bodies.  There  is  much  evidence  to  warrant 
the  assumption  of  identity,  and  it  will  be  convenient  to  adopt  this 
view  during  our  further  consideration  of  the  subject. 

Many  theories  have  been  propounded  to  explain  laminous 
meteors,  but  they  were  usually  based  on  few  observations,  and 
later  researches  did  not  support  them.  But  in  recent  years  a 
theory  has  been  framed  which  so  well  accords  with  observed 
facts  that  it  has  received  universal  recognition. 

Meteors  are  diminutive  planetary  bodies  revolving  round  the 
sun  in  orbits  similar  to  those  pursued  by  comets.  These  orbits 
intersect  the  annual  path  of  the  Earth,  and  hence  it  follows  that 
whenever  the  Earth  passes  through  these  points  of  intersection 
there  is  a  rencontre  with  the  meteoric  particles,  which  are  there- 
upon propelled  into  our  atmosphere  with  great  velocity  and  are 
ignited  by  the  friction  generated  by  the  force  of  impact.  Fire- 
balls of  ordinary  noiseless  character  and  shooting  stars  are 
entirely  consumed  and  dissipated  before  reaching  the  lower 
regions  of  the  atmosphere,  while  aerolites  are  meteors  which 
succeed  in  penetrating  completely  through  the  air  strata  and 
ultimately  fall  upon  the  Earth's  surface. 
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With  the  meteors  there  prevails,  as  we  have  already  seen,  a 
periodicity:  tbis  will  be  found  on  examination  to  countenance 
the  theory  of  their  being  planetary  in  their  nature ;  and  the  well- 
known  experiment  of  igniting  tinder  by  compressing  air  in  a  fire 
syringe  removes  the  notion  of  self-ignition  from  the  domain  of 
fanciful  speculation. 

With  reference  to  their  periodicity,  Sir  J.  Herschel  says*: — 

"  It  is  impossible  to  attribute  such  a  recurrence  of  identical 
dates  of  very  remarkable  phenomena  to  accident.  Annual  period- 
icity, irrespective  of  geographical  position,  refers  us  at  once  to 
the  place  occupied  by  the  Earth  in  its  annual  orbit,  and  leads 
directly  to  the  conclusion  that  at  that  place  it  incurs  a  liability 
to  frequent  encounters  or  concurrences  with  a  stream  of  meteors 
in  their  progress  of  circulation  around  the  Sun.  Let  us  test  this 
idea,  by  pursuing  it  into  some  of  its  consequences.  In  the  first 
place,  then,  supposing  the  Earth  to  plunge  in  its  yearly  circuit 
into  a  uniform  ring  of  innumerable  small  meteoric  planets,  of 
such  breadth  as  would  be  traversed  by  it  in  one  or  two  days ; 
since,  during  this  small  time,  the  motions,  whether  of  the  Earth 
or  of  each  individual  meteor,  may  be  taken  as  uniform  and  rec- 
tilinear, and  those  of  all  the  latter  (at  the  place  and  time)  parallel, 
or  very  naarly  so,  it  vdll  follow  that  the  relative  motion  of  the 
meteors,  referred  to  the  Earth  as  at  rest,  will  be  also  uniform, 
rectilinear,  and  paralleL  Viewed,  therefore,  from  the  centre  of 
the  Earth  (or  from  any  point  of  the  circumference,  if  we  neglect 
the  diurnal  velocity,  as  very  small  compared  with  the  annual), 
they  will  all  appear  to  diverge  from  a  common  point,  fis^  in  re* 
laiion  to  the  celestial  sphere^  as  if  emanating  from  a  sidereal  apex. 

*'Now  this  is  precisely  what  happens.  The  meteors  of  the 
]  2th- 14th  of  Nov.,  or  at  least  the  vast  majority  of  them,  describe 
apparently  arcs  of  great  circles,  passing  through  or  near  y  Leonis. 
No  matter  what  the  situation  of  that  star,  with  respect  to 
the  horizon  or  to  its  East  and  West  points,  may  be  at  the  time  of 
obeervaticn,  the  paths  of  the  meteors  aU  appear  to  diverge  from 
that  star.     On  the  9th- 1 1  th  of  August,  the  geometrical  fact  is  the 

*  Ouilintt  of  Aiti'onomtft  iiUi  Ed.,  p.  66 1. 
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epKfc  ihe  |4aift  of  diimgeiMifc.  As  w«  seed  Bot  ■ihuhmhj  the 
■wtggirie  mg  eoiiiddaiiit  m  itspkBe  wilk  thcrcBptie,  and  a«  fior 
s  naf  4(f  BifefcKifCT  we  wmj  anhititie  «a  dlipde  aamlaB  <rf  aiiy 
nawoaUe  ceceoliicilj,  to  thai  bodi  the  lelocitj  and  <iwn>*^Mm  <rf 
<adi  DKteor  majr  diflEsr  to  anjr  extent  6om  the  EurtiiX  tlioe  is 
noHoMig  in  the  gnat  and  obrioos  difisenee  ta  Imiiimde  of  these 
afma  at  all  miKtating  agaiiwt  the  eondmion. 

'^  If  the  meteon  be  nnifomil j  distzibated  in  audi  a  rii^  or 
ellifHie  annaloa^  the  Earth's  eneoonter  with  them  in  every  pbto- 
httkm  will  be  eertain,  if  it  oecur  once.  But  if  the  rii^  be  biokeii 
— if  it  be  a  soeeessioo  of  groups  leTolying  inan  eDipee  in  a  period 
nal  identieal  with  thai  of  the  Earth,  years  may  pass  without  a 
renccmire;  and  when  such  happen,  they  may  differ  to  any  extent 
in  their  intensity  of  character,  according  as  richer  or  poorer 
groups  have  been  encountered." 

We  will  now  consider  the  character  of  meteor  orbits,  and  in 
order  to  form  a  clear  conception  of  the  matter  it  may  be  neoes- 
Miry  to  go  back  a  few  years  and  trace  the  developments  leading 
up  to  the  present  theory. 

In  November,  1833,  there  was  witnessed,  as  has  already  been 
fitated,  a  grand  display  of  meteors^  ('*  shooting  stars  "),  a  less  grand 
one  in  1832,  and  33  years  before  that,  namely  in  1799,  another 
very  magnificent  one.  Availing  himself  of  a  comprehensive 
catalogue  of  recorded  appearances  of  meteor  showers  compiled  by 
A.  Quetelet  in  1836-39®,  a  learned  American  astronomer.  Prof. 
II.  A.  Newton,  set  himself  the  task^  of  searching  out  all  the 
anoiont  records  he  could  find  of  such  displays :  he  found  that  more 
than  a  dossen  had  been  taken  note  of  by  historians,  beginning 
with  90a  A.D.,  and  that  in  all  oases  the  intervals  were  either  +  \^ 

^  III  this  chapter  the  word  *' meteon"  Jonmal,  and  Ser.,  voL  xxxvii.  p.  377, 

It    intended    to    apply    generally,    to  and  vol.  zzxviii.  p.  53,  May  and  Joly 

aMrt>llteii,  flrebalU,  and  ehooting  itars;  1864.    Hie  periodic  dates  of  tlie  No* 

In  fkot  t«)  all  the  allied,  and  probahly  vember  and  of  some  other  annual  meteor 

identical,  Ibnni  of  meteorio  apparitions.  showers  had  been  discussed  in  a  prerSoas 

*  4VoNr«iiiiijr   JH^Moiret  <if  tAtadHitie  paper  in  the  same  Jomrmtdt  toL  zzzrt 

K0y«i/#  iif$  StitHctft  Tol.  xii.  1839.  p.  145,  July  1863. 

**  Hi*    papers    appear    in    SiWmam\ 
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of  a  century  or  some  multiple  of  that  period.  Tliis  was  too  im* 
portant  a  fact  to  be  neglected  By  a  course  of  reasoning,  the 
several  steps  of  which  I  do  not  deem  it  necessary  to  reproduce, 
Newton  concluded  that  the  ±  33-year  visible  periodicity  was 
only  reconcileable  with  an  orbit  whose  period  was  either  i8od, 
185-4^  354*6^,  376-6^,  or  33'a5^.  Why  the  true  period  must  be 
one  of  these  5  involves  mathematical  considerations  unsuitable  to 
these  pages.  The  period  chosen  by  Newton  himself  as  the  most 
probable  was  that  of  354*6^  corresponding  to  an  orbit  nearly 
circular ;  but  he  pointed  out  that  a  certain  retardation  of  the  date 
which  had  taken  place  could  only  be  explained  by  assigning  to 
the  meteor  orbit  that  one  of  the  5  possible  forms  which  would 
account  for  the  retardation^  and  that  a  proper  mathematical 
calculation  undertaken  for  this  purpose  would  finally  decide 
which  of  the  five  forms  was  the  real  one.  With  these  remarks  on 
the  orbit,  and  with  a  prediction  that  another  great  display  would 
occur  on  the  morning  of  November  14,  1866,  Newton  terminated 
his  investigations. 

In  April,  1867,  Prof.  Adams  presented  to  the  Royal  Astro* 
nomical  Society  an  outline  of  a  very  important  investigation* 
which,  proceeding  on  Professor  Newton's  suggestion,  he  had 
brought  to  a  satisfactory  conclusion.  Availing  himself  of 
Newton's  labours,  he  sought  to  arrive  at  some  more  precise 
knowledge  of  the  orbit  of  the  November  meteors,  taking  ad- 
vantage, of  course,  of  the  information  furnished  by  the  observa- 
tions made  in  November  1866.  I  should  premise  that  Newton's 
inquiries  show  that  the  display  which  in  1866  happened  on 
Nov.  13,  in  902  happened  on  Oct.  12  (0.8.),  indicating  a  pro- 
gressive increase  in  the  longitude  of  the  points  of  intersection  of 
the  orbits  of  the  meteors  and  the  Earth.  The  amount  of  this 
motion  is  i02«6''  annually  with  respect  to  the  Equinox  or  of  52*6^' 
with  respect  to  the  stars,  equal  to  29'  in  33}  years.  Adams 
calculated  the  extent  of  the  progressive  increase  due  to  the 
perturbing  influence  of  the  planets  Venus,  Jupiter,  and  the  Earth. 
He  found  that  their  conjoint  effect,  on  the  assumption  that  the 

•  Mfmtk,  Not.,  Tol.  zzrii.  p.  347.    April  1867. 
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ftiiod  of  the  meleosBwas  iScf'or  i85'ar354f  or  377^,  innocMe 
exceeded  12^  in  33^  jean,  hat  thai  aaBmning  33!^  jemn  to  be 
the  period,  {danetaij  inflnence  (in  this  cms  ciascd  bj  Jupiter, 
Saiom,  and  Unuiiis)  would  prodnee  an  increase  of  28^  The 
near  eoinddenee  of  this  theoretical  28^  wilh  the  obaerved  29' 
places  it  almost  beyond  doubt  that  the  true  period  is  33I-  yean. 
Proceeding  on  this  assumption,  and  baying  found  that^  aeeordiDg 
to  the  mean  of  several  determinaticwis,  the  radiani-point  of  the 
1866  meteors  was  situated  in : — 

RJL  Dad. 

b.     ■. 

Adams  proceeded  to  calculate  elliptic  elements  of  the  orbit  of  the 
meteors,  and  obtained  the  following  set : — 

Period      a     33-35^  (awnmiwl) 


MaMi  difUnee    . . . 

•  •  • 

•  •  • 

rs 

10-3402 

Eooentridtj 

m  »  • 

•  •  • 

- 

0-9047 

P«rihelloii  disUnoe 

•  •  • 

•  •  • 

« 

0-9855 

IncUsftiioii 

•  •  • 

»  •  • 

s 

\0                             w 

16   46 

Loogitode  of  Node 

•  •  • 

»  •  • 

- 

51    »« 

Diitance  of  Perihelion  from  Node 

aa 

6    5« 

Heliocentric  motion 

•  •  • 

•  •  • 

•  •  • 

BetrogTMie. 

Prof.  SchiaparelU  of  Milan  was  also  led  at  about  the  same  time 
to  investigate  the  phenomena  of  meteors'.  He  observed  the 
Perteids  on  August  9,  lo  and  11,  1866^  and  assumed,  from  4he 
necossity  of  the  conditions,  that  the  orbit  of  these  meteors  must 
I>e  an  elongated  conic  section,  and  employing  the  method  of 
Knnan  he  computed  parabolic  elements  for  this  system.  It  was 
not  long  afterwards  that  he  discovered  a  remarkable  resemblance 
between  the  meteoric  orbit  and  the  orbit  of  Comet  iii.  1862,  the 
two  sets  of  elements  being  as  follow  : — 


Comet  UL  i86a. 

Perihelion  PMMge    ... 

...     i86a,Jalya3    

1863,  Aagnst  22.9. 

Long,  of  Perihelion    . . . 

343    a8        

0        / 
344   41 

Aioending  node 

138    16        

137    37 

Inolination 

64   3         

66    25 

Perihelion  Dittance    ... 

0.9643        

0-9626 

Period 

105  yean?...     ... 

1 33.4  year* 

Motion 

Retrograde 

Retrograde. 

'  Month.  Not,,  vol.  xxxii.  pp.  194-9.    February  1872. 
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The  periods  are  doubtful  The  generally  close  agreement 
in  the  elements  could  only  signify  identity  of  the  two  orbits 
and  of  the  bodies  describing  them.  And  a  similar  coincidence 
was  found  between  the  orbit  of  the  November  meteors  (Zeonids) 
and  that  of  Comet  i.  1866.  The  shower  of  April  20  {LyricUi)  was 
also  shown  by  GaJle  and  Weiss  to  match  Comet  i.  1861,  while 
the  display  of  Nov.  27  (Andromedefi)  presented  an  equally  close 
accordance  with  the  well-known  periodical  comet  of  Biela. 

The  expected  return  of  Biela's  comet  in  August  and  September, 
1872,  afforded  an  opportunity  for  verifying  the  presumed  con- 
nection ;  and  the  appearance  of  an  abundant  star-«hower  agreeing 
identicaUy  in  the  position  of  its  radiant-point  and  in  the  date  of 
its  appearance  with  those  of  a  meteor-stream  following  directly 
in  the  track  of  Biela's  comet  (about  12  weeks  after  the  comet's 
departure  from  the  place),  on  November  27,  1872',  corroborated 
afresh  an  inference  already  drawn  from  the  three  previously 
known  examples  of  agreement,  that  a  very  rich  assemblage 
of  the  meteors  revolving  with  a  cometary  body  follows  the 
comet  very  closely  in  its  orbit  \  A  somewhat  different  surmise 
from  this  conjecture  is  however  suggested  by  the  showers  of 
Andromedes  seen  in  the  years  1798,  1830,  and  1838,  which 
must  have  preceded  Biela's  comet  at  different  distances  between 
^Q  and  i  of  a  revolution  along  its  track.  A  separate  group 
of  the  Leonids  is  also  suspected  to  exist,  preceding  the  prin- 
cipal one  about  12  years  (or  about  |  of  a  revolution)  in  its 
appearance.  Notable  star  showers  are  recorded  to  have  taken 
place  in  855-56,  1787,  and  1818-23,  and  finally  by  Prof.  D. 
Kirkwood  in  1852,  agreeing  exactly  with  the  principal  cluster 
in  the  day,  and  very  closely  also  in  the  period  of  their  returns  ^ 
The  original  dismemberment  of  the  comet,  to  which  the  ancient 


'  This  dispUj  reourred  with  groat 
briUiancy  on  Not.  27,  1885,  after  the 
completion  of  two  revolutions,  of  6*5 
years  each,  of  the  deriTatiTe  comet. 

^  It  seems  to  be  often  overlooked,  or 
not  geoeraUj  known,  that  the  cometary 
character  of  the  November  shower  of 
Meteors  was  first  suggested  by  Denison 


Olmsted  as  far  back  as  1834.  {SillimaiCt 
Amer,  Jourm,,  vol.  zzvi.  p.  17a.)  Hie 
period  he  assigned  was  18  a',  whic^  is  in 
close  agreement  with  one  of  the  possible 
periods  assigned  by  H.  A.  Newton  many 
years  later. 

>  Nature,  roL  zi.  p.  407,  March  25, 
1875 ;  Tol.  zii.  p.  85,  June  3.  1875. 
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from  tiiese  and  Bimilar  inveetigationa  and  discnsuons ;  indeed, 
the  subject  may  perhaps  fairly  be  deemed  an  ineshaostible  one, 
for  a  few  coiaoidenceB  having  been  ascertained,  more  will  be 
sure  to  follow  as  observations  mnltiply  and  research  extends. 

The  orbit  of  Comet  i.  1866,  discovered  by  Tempel  on  Dec.  19, 
1865,  coincides  with  the  Leonid  meteor  orbit  given  in  Fig.  249. 

Fig.  150. 


posniom  or  kxla'h  oomct  at  tm  r 

or  1798.  1838,  um  1S71. 

Prof.  Newton,  in  a  leotnre  delivered  in  1874  at  Yale  Collie, 
indicated  tlie  positions  of  Biela'a  comet  in  its  orbit  relatively  to 
the  Earth  at  the  times  of  oocuirenoes  of  the  greatest  meteor- 
showers  known  to  have  arisen  from  the  Earth's  approach  to  this 
comet's  orbit.  The  line  of  the  nodes,  or  the  place  of  the  earth's 
nearest  approach  to  the  comet's  track,  being  at  N.,  it  appears 
that  in  the  year  1 798,  at  tiie  time  when  the  Earth  encountered  at 
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that  point  the  great  meteor  shower  of  Dec.  6  of  that  year, 
observed  by  Brandes,  Biela's  comet  was  in  the  position  marked 
B,  somewhat  nearer  to  the  earth  than  on  the  next  occasion  when 
a  similar  display  was  witnessed  in  1838.  The  comet  was  in  the 
latter  year  at  the  point  marked  A  about  300  millions  of  miles 
distant  along  its  orbit  from  the  earth.  At  the  recurrence  of  this 
great  star  shower  on  Nov.  27,  1872,  the  comet  must  have  been 
situated  near  C,  or  200  millions  of  miles  along  the  comet's 
path  from  the  node  N.  From  this  it  appears  that  the  meteoric 
particles  must  be  thickly  distributed  over  at  least  500  milliowi 
of  miles  of  the  comet's  orbit,  preceding  the  comet  300  milliooB 
and  following  it  200  millions  of  miles. 

There  is  little  doubt  remaining  that  comets  furnish  the 
numerous  meteors  which  traverse  the  celestial  spaces.  The  fact 
of  the  intimate  association  of  these  phenomena  is  proved  by  the 
identity  of  their  orbits,  and  by  other  evidence  gleaned  from 
observation  which  amply  supports  the  views  of  Schiaparelli. 
To  him  must  be  given  the  credit  of  first  demonstrating  the 
connection,  though  the  meritorious  labours  of  several  other 
astronomers  cleared  the  way  and  furnished  many  of  the  materials 
the  utilisation  of  which  led  to  the  actual  discovery.  Thus,  several 
years  before  Schiaparelli  commenced  his  reseaiehes,  Professor 
Kirkwood  broached  the  theory  that  '^meteors  and  meteoric 
rings  are  the  debris  of  ancient  but  now  disintegrated  comets 
whose  matter  has  become  distributed  around  their  orbits^.*' 
Earlier  writers  had  also  expressed  ideas  which  do  not  differ 
essentially  from  those  now  adopted,  but  unfortunately  they 
could  not  command  the  data  required  to  give  practical  support 
to  their  views,  which  were,  in  consequence,  disregarded,  as  mere 
speculations. 

The  two  great  meteor  showers  of  November  are  more  certain 
in  their  cometary  relations  than  the  showers  of  April  and  August, 
because  in  the  former  instances  the  periodical  maximum  returns 
of  the  meteors  have  occurred  at  the  predicted  times  and  the 
time  of  revolution  of  both  comets  and  meteors  are  precisely  the 

^  Danville  Qttarterly  Reviete,  December  1861. 
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same.  But  in  the  case  of  the  April  and  August  systems -the 
periods  are  open  to  considerable  uncertainty,  the  orbits  being 
of  far  greater  excentricity. 

The  meteors  of  November.  13  may  be  expected  to  reappear 
with  great  brilliancy  in  1899,  and  probably,  for  a  year  or  two 
both  before  and  after  that  date,  a  large  number  of  these  bodies 
will  be  seen  at  the  middle  of  November.  Possibly  also  there 
will  be  fine  showers  from  Biela's  comet  on  Nov.  26  or  27, 
in  1892  and  1898. 

It  is  a  noteworthy  fact  that  the  members  of  difierent  meteor 
showers  exhibit  visible  features  which  in  certain  cases  are  quite 
dissimilar.  This  arises  from  the  circumstance  that  the  various 
showers  encounter  the  earth  at  different  angles,  and  their  ap- 
parent speed  depends  in  a  great  measure  upon  this.  Thus  the 
meteors  of  November  13  (Leonids)  are  moving  in  a  direction 
opposite  to  the  Earth ;  hence  their  velocity  is  very  great,  being 
about  44  miles  per  second.  But  the  meteors  of  Nov.  27  {Andromede^) 
are  moving  in  nearly  the  same  direction  as  the  Eaiih,  and  hence 
have  to  overtake  us,  so  that  they  apparently  move  very  slowly, 
their  speed  being  only  11  miles  per  second.  The  Leonids  above 
referred  to,  together  with  the  Perseids  of  Aug.  10  and  the 
Orionids  of  Oct  18-20,  are  good  examples  of  the  swift-moving 
meteors^  and  they  are  almost  invariably  accompanied  by  phos- 
phorescent streaks.  The  slow  meteors,  of  which  the  Andromedes 
are  a  type,  throw  off  trains  of  yellowish  sparks. 

Since  the  astronomical  nature  of  meteors  has  been  admitted 
a  large  amount  of  attention  has  been  given  to  this  branch  of  the 
science.  A  committee  of  the  British  Association  was  for  many 
years  engaged  in  collecting  and  collating  observations.  Amongst 
those  who  have  exerted  themselves  to  develope  this  branch  of 
astronomy  must  be  mentioned  the  names  of  Adams,  Challis, 
Denning,  Glaisher,  Grant,  Greg,  A.  S.  Herschel,  Lowe,  Main,  and 
Tupman,  in  England ;  and  among  the  chief  astronomers  abroad, 
who  are  either  seeking  or  who  have  contributed  to  promote  its 
progress.  Twining  and  Newton,  Loomis,  Kirkwood,  B.  V.  Marsh, 
Le  Verrier,  £.  Quetelet,  Buchner,  Von  Boguslawski,  Galle,  Heis, 


[BootV 

Smm^ftr,  SekMk,  Tom,  Wait  Sekkpn^li.  Oeua.  SeeeU, 
Sfieo,  aad  TbrrhtM,  vUh  0«bs  ntrrwi,  fmimwlTy  io  lulv. 
vfao  vatcfa  ^^llf  for  AootiDe  otan,  aad  e^ny  oat  with 
BMRMttiiig  ■»!  ngohr  dMeoMan*  of  Beieor  tf«ckii. 

Tbe  dnf  djaeartiy  tint  bas  be^  pontzvdy  made  is.  tint  Imiu- 
DOOM  uwliiuii  mn  modt  man  legnlu-  in  their  moTemezits  tlnn 
WIS  fonierij  nippoaed.  the  known  "nuUant  points"  ai«  oo 
i  to  tbp  «mst»IlfttioRS  Leo  and   Camelou 


ai)  tliLiy  wore  when  Sir  J.  HerachLJ  wrote  the  passage  whisb 
1  have  quotod  on  a  previouB  page,  but  have  been  found  to  exist 
in  every  quartLT  of  the  heavens.  A  vast  number  of  these  systeme 
of  meteors  must  croas  the  annual  path  of  the  Earth,  though  only 
a  few  of  these  are  well  known.  The  obser\'atioDfi  of  a  single 
night  have  yielded  evidence  of  50  or  60  different  showei-s  in  pro- 
gmsa  at  the  same  time. 

A  litit  of  the  more  important  radiant  points  will  be  found  as 
p.  640,  ft  »(q.    It  IB  based  upon  a  large  numler  of  recent  oba 
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tioDS  obtained  at  Bristol,  and  the  positions  will  be  found  fairly 
aociirate,  every  precaution  having  been  taken  to  enaure  precision. 
Observers  in  the  Southern  bemispheie  are  much  needed,  for  the 
Southern  Heavens  remain  comparatively  unexplored  as  r^arda 
meteoric  Astronomy. 

Figa.  251-3  (on  pp.  636-7)  represent  the  paths  of  certain 
meteors  observed  at  the  specified  dates.  Projected,  after  the 
manner  of  a  surveyor's  plan,  to  form  a  meteor  chart,  the  fact 
that    the    meteors    really   are    thrown    off  from    determinate 


FTg.  JSi. 


centres  becomes  strikingly  apparent.  It  is  unfortunate  for  the 
sake  of  Science  that  the  suddenness  with  which  all  these  objects 
appear  and  the  shortness  of  their  duration  usually  take  observers 
aback,  and  impair  the  certainty  of  their  mental  impreesions, 
making  it  often  difficult  to  obtain  exactness.  The  plan  of  the 
projection  used  is  that  of  a  plane  perspective  view,  in  which  the 
meteor-tracks  observed  can  be  represented  by  straight  lines. 
It  should  be  the  chief  aim  of  future  observers  to  obtain  evidence 
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as  to  the  duration  of  certain  meteor  showers,  and  to  determine 
whether  their  radiant  points  are  variable  or  stationary  in  position. 
Many  of  the  radiant  points  are  apparently  fixed  relatively  to  the 
adjoining  stars,  and  it  is  important  to  determine  at  sucoeesive 
epochs  whether  these  positions  are  really  permanent.  If  small 
differences  are  observable,  and  such  as  cannot  be  attributed  to  the 
unavoidable  errors  of  observation,  then  the  nearly  accordant 
radiants  are  merely  due  to  accidental  grouping.  But  there  is  a 
good  deal  of  evidence^  in  support  of  the  opinion  that  certain 
radiants  are  more  or  less  permanent  both  in  activity  and  position, 
though  this  peculiarity,  being  one  which  is  strongly  opposed  by 
theoretical  considerations^  cannot  be  definitely  accepted  until  it 
has  been  submitted  to  the  most  rigorous  tests  that  can  be 
applied. 

^  Month,  Not.,  YoLxlv.  p.  93  (Dec.  1884).  Sidereal  Meeeenger,  voL  t.  p.  167  (Jane 
1886). 
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CHAPTER  V. 


RADIANT  POINTS. 


Explanation  of  Reference  Letters  in  ike  List  rf  RadiatU  PoinU. 

(pp.  640-643.) 

The  references  in  column  7  are — "  G.,"  Greg's  General  Cata- 
logue published  in  the  British  Association  Report  for  1876 ;  "  T.," 
Tupman's  Catalogue  printed  in  the  Monthly  Notices^  vol.  xxxiii. 
p.  298,  March  1873;  "S.Z.,"  Schiaparelli's  Catalogue  derived 
from  Zezioli's  Observations,  British  Association  Report  for  1878; 
and  '*C.,"  Corder's  Catalogue  in  the  Monthly  Notices^  vol.  xl. 
p.  131,  Jan.  1880. 
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DF  METEOR  SHOWERS.     (Fromiheobservationiof  W.F.Dbknino,F.R.A.S.) 


No. 


2 

3 

4 
5 
6 

7 
8 

9 
lo 

II 

12 

13 
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i6 

«7 
i8 

>9 

20 

21 
22 

^3 
26 

a; 

28 

29 
30 
31 

3a 
33 

34 
35 


NOTES. 


{ 


{ 


{ 


A  rich  annual  shower.    Well  observed  in  1864.    Probable  duration  Dec.  28  to 
Jan.  4. 

Meteors  swift  with  short  paths.    A  very  definite  shower  observed  in  1886. 

A  morning  shower.    Meteors  swift  with  streaks.    Observed  in  1869  and  1877. 

{Meteors  slow  and  bright.    Observed  in  1877.    Showers  here  also  in  Aug.  and 
autumnal  months. 

Radiant  sharply  defined.    Meteors  swift  with  streaks.    Observed  in  1869  and  1877. 

A  shower  of  swift,  rather  bright  meteors  observed  in  1877.    Perhaps  different 
toT4. 

Visible  only  in  the  morning  hours.    Meteors  swift  with  streaks.    Observed  in  1877. 

Meteors  slow  and  brilliant.    A  radiant  of  swift  meteors  here  in  Feb.  and  Nov.-Deo. 

Meteors  swift  with  streaks.    Showers  of  slow  meteors  from  here  in  Joly  and  Aog. 

Well-defined  shower  of  swift  meteors  in  1887.    Radiants  here  in  Nov.  and  Dec. 

Meteors  small  and  swift.    Seen  in  1887.    Radiant  sharply  defined. 

Meteors  of  moderate  speed.     Many  other  showers  here  in  May,  Aog.,  Oct.,  etc. 

A  shower  contemporary  with  the  Lyridi,    Meteors  short  and  quick.    Observed  in 
1885  and  1887. 

Meteors  slow  with  long  paths.    Several  observers  have  determined  this  radiant. 

{Lyrids,    Meteors  swift,  the  brighter  ones  leave  streaks.    Rich  display -'Ck>met 
I,  1861. 

{Meteors  short  and  swift.     Observed  also  by  Herschel  1864,  April  13,  and  by  Greg, 
187  a,  April  20. 

Meteors  small  and  short.     Well-defined  shower  in  1886. 

Rich  shower  visible  before  sunrise.    Discovered  by  Tupman.     >■  Halley's  comet. 

Meteors  slow.    Radiant  not  very  certain.     More  observations  required. 

(Meteors  swift  with  streaks  and  long  paths.    Observed  in  1877.    Radiant  here 
1    in  July? 

Radiant  of  swift,  streak -leaving  meteors,  well-defined.    Shower  here  in  July. 

A  radiant  of  slow-moving  fireballs.    Several  seen  in  1878. 

Meteors  very  swift  with  streaks.    Perhaps  connected  with  Comet  I,  1850. 

Meteors  rather  slow.    Well  observed  in  1887.    A  shower  here  also  in  April. 

/There  are  apparently  many  other  showers  from  this  point  in  the  spring  and 
summer. 

Meteors  swift.    The  radiant  seems  prolonged  in  July  and  September. 

Meteors  very  swift  with  streaks.    Observed  in  1886.    More  observations  required. 

Observed  in  1873  and  1887.    Active  radiation  from  this  place  in  other  months. 

Meteors  brilliant  with  streaks.    Centre  sharply  defined.    Observed  in  1887. 

Seen  by  many  observers.    Meteors  very  swift  and  short.    Lacertid$. 

Meteors  bright,  swift  and  leaving  streaks.    Rich  shower  1884.    ?«■  Comet  of  1764. 

Aquarid$,     Very  active  display  of  slowish,  long  meteors  recurring  annually. 

Well-defined  shower  of  swift  meteors  with  streaks.    Seen  also  in  Sept.  and  Oct. 

CPer$eid*.  Very  rch  annual  shower.  Whole  duration  July  8  to  Aug.  2a.  Meteors 
<  swift,  briffht  and  leaving  streaks.  Radiant  shifts  from  3''-i-49''  to  76'' +57°. 
C     -*  Comet  III,  i86a. 

Meteors  swift  with  streaks.    Active,  definite  shower  in  1877. 
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lOP  METEOR  SHOWERS. 
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NOTES. 


iRadiuit  iharply  defined.    Meieon  iwifl  with  streaki.    Showen  here  in  Sept. 
I     Mid  Oct. 

i  A  Tery  rich  shower  of  bright  ilow  meteon  seen  in  1879  and  not  observed  since 
\    that  year. 

Meteon  very  short  and  slow.    Badiants  are  also  here  in  Jnly  and  September. 
Meteors  very  swift  and  faint.    The  chief  shower  visible  in  Sipi,  1885. 
Meteors  slow  and  bright  with  long  paths.     Radiation  from  here  in  earlier  months. 
Well-defined  and  active  display  of  swift,  streak-leaving  BMteors  in  1877,  1885,  etc 
Meteors  very  swift  with  streaks.    A  morning  shower.    Ako  Aug.  25  and  Sept.  9. 
Meteon  slow.    Observed  in  1879.    Radiant  of  swift  imeteors  here,  Nov.  29-30, 

1886. 
Active  shower  of  slow  meteors  seen  in  1879.    Radiation  from  here  in  Aug. 

and  Oct. 

'Meteors  very  swift  with  streaks.    Observable  in  the  morning  hoars. 
Meteon  small  and  short.    Many  radiants  dnster  here  in  Jn^,  Aug.,  Nov.,  etc 
A  shower  of  very  brilliant  slow  meteon  in  1877.    Farther  obs!mrations  are  needed. 
TRadiant  sharply  defined  in  1877.     Meteon  swift  with  streaks,    t  -Comet  II, 
I     1835. 

Meteon  slow,  sometimes  trained.    Observed  in  1885.    Shower  here  in  Dec 
Meteon  swift  with  streaks.    Two  fireballs  in  1877.    Visible  also  in  Nov.  and  Dec 
Well-defined  shower  ot  slow  bright  meteon  1887.    Seen  also  on  Sept.  13,  1885. 
Very  active  radiant  in  1887.    ?  -  No.  56.    Meteon  rather  swift 
Ra^ant  sharply  defined  in  1887.    Meteon  swift  with  streaks.    Farther  obser- 
.    vations  required. 
Orumid$.    A  very  rich  shower  occurring  every  year.    Whole  duration  from  Oct.  9 

to  29.    Radiant  stationary.    Meteon  swift  with  streaks. 
Meteon  very  swift  with  long  paths  and  streaks.    A  shower  here  in  Dec 
An  abundant  display  bi  1877.    Meteon  brilliant  and  rather  slow. 
Yielded  many  fine  meteon  in  1886.    Distinct  from  Taurids  of  Nov.  ao  (No.  61). 

{Leowidt,    Period  33}  yean.    Grand  displays  in  1799, 1833  and  x866,  and  will 
reappear  in  1899.    Furnishes  a  slight  shower  everr  year.    Meteon  swift  with 
streaks.    <-  Comet  I,  1866.    The  slu>wer  continues  from  Nov.  9  to  17. 
{Meteon  very  swift  and  streak-leaving,  similar  to  the  Leonids.    Well  observed 
in  1885.   A  rich  shower  seen  here  by  Booth,  Jan.  3,  1889. 
Well-defined  shower  in  1886.    Radiation  also  from  here  in  Aug.,  Sept,  Oct. 
rovruif.    A  well-known  shower.    Meteon  slow.    Furnished  sevenl  fireballs  in 

1876-7. 
Andrtmedm,    Period  about  61  vean.    Grand  displays  in  187a  and  1885.    May 
reappear  in  189a  or  185)8.    Meteon  very  slow  with  trains.     «  Biela's  comet. 
RadUnt  diffuse 
Meteon  very  swift  with  streaks.    Radiant  sharply  defined.    Observed  in  1886. 

{Perhaps  connected  with  the  Geminids  of  Dec  10,  though  the  radiant  is  evidently 
8^  South. 

A  well-defined  and  active  shower  o#  slow  meteon  observed  in  1876  and  subse- 
quent years. 

Meteon  very  swift  with  streaks.    Sharply  defined.    Observed  in  1877. 

Meteon  rather  swift.  Further  observaaons  required.  Possibly  <-  Pons's  comet 
of  i8ia. 

Oeminidi,  A  rich  annual  shower  of  swift  short  meteors.  Radiant  well  defined. 
Duration  from  Dec  i  to  14. 

Distinct  from  preceding,  thouoh  sitoated  only  8*^  B.  of  it  and  visible  at  same  epoch. 

Meteon  swift  with  streaks.    Tlie  most  active  radiant  seen  in  Dec  1886. 

Tt  % 
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CHAPTER  VL 

TELESCOPIC  METEOBS. 

Our  kmmtUige  qfiiem  UmiUi.-OUerrmiiomB.'^FrolwMf  heifUt  m  He  mjmotpkm," 
8k0wen  of  i^aeofie  wuUars.—8mmmitr^  of  Prof.  SmfmwiVo  olUtrimfiom  mod 
dodmeHomo^—Fireiall  citerrod  im  a  Uieoeopo  om  (ki.  i^  i86^ 

WE  have  now  to  consider  types  of  meteoric  phenomena 
smaller  and  probably  more  distant  tiian  the  imposing 
forms  visible  to  the  unaided  eye.  But  though  generally  more 
minute,  they  are  no  doubt  identical  in  character  with  the  con- 
spicuous meteors  such  as  fireballs  and  ordinary  shooting  stars. 

The  observation  of  telescopic  meteors  commenced  with  the 
invention  of  that  instrument  nearly  300  years  ago,  yet  our 
knowledge  of  these  bodies  is  very  limited.  We  find  occasional 
references  to  them  in  scientific  publications,  but  no  one  seems  to 
have  pursued  this  particular  subject  with  that  method  and 
assiduity  which  it  requires.  Those  who  search  for  comets  or  are 
engaged  in  observing  variable  stars  frequently  notice  telescopic 
meteors,  the  low  powers  and  large  fields  usually  employed  in 
such  cases  being  suitable  for  their  observation,  and  it  is  to  be 
hoped  that  in  future  years  a  special  effort  will  be  directed  towards 
gathering  more  information  about  them. 

In  1795  Schroter  saw  with  his  reflecting  telescope  of  ao-inches 
aperture,  a  shooting  star  the  height  of  which  he  estimated  at 
more  than  four  millions  of  miles !  This  is,  of  course,  an  enor- 
mous exaggeration  of  the  real  distance.  In  1839,  between 
August  I  and  10,  Mason  observed  50  telescopic  meteors  with  a 
reflecting  telescope  armed  with  a  power  of  80.    He   noticed 
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that  their  angular  Telocity  was  not  greater  than  that  of  ordinary 
naked-eye  meteors,  and  ho  concluded  from  this  that  they  were 
situated  at  great  elevations  in  the  atmosphere;  in  certain 
instances  probably  more  than  1 2oo  miles.  Professor  Schiaparelli  * 
mentions  that  he  is  inclined  to  believe  that  the  relatively  slow 
velocity  is  the  result  of  their  small  mass  being  unable  to  overcome 
the  atmospheric  resistance,  but  he  does  not  deny  that  some  falling 
stars  first  become  visible  at  least  400  miles  above  the  earth's 
surface. 

Dr.  J.  F.  J.  Schmidt  stated  that  during  10  years  he  recorded 
146  telescopic  meteors  ranging  between  the  7^  and  11*^  mag- 
nitudes. Heis,  Hartwig,  Luther  and  others  have  also  observed 
many  of  these  objects.  In  the  year  1854  Prof.  Winnecke  re- 
corded no  less  than  105  on  32  evenings  in  a  3-inch  finder  magni- 
fying 15  times  and  with  a  field  of  3^  Denning  has  also  noticed  a 
considerable  number  of  these  small  meteors  while  comet-seeking. 
He  was  surprised  at  the  comparative  slowness  of  motion  of  these 
bodies.  They  travel  with  sufficient  leisure  across  the  field  to  be 
easily  followed  by  the  eye,  and  their  appearance  is  such  as  to 
give  the  impression  of  great  distance.  He  concludes  that  their 
diminutive  size  and  slow  courses  are  attributable  to  their  re- 
moteness, and  computes  that  they  are  more  numerous  than  the 
naked-eya  meteors  in  the  proportion  of  22  to  i.  On  Oct.  4, 1881, 
he  noticed  a  telescopic  meteor  of  the  8th  magnitude,  which  left, 
for  fully  65  seconds,  a  beautiful  narrow  streiieJc,  showing  minute 
irregularities  and  reminding  one  forcibly  of  a  spider's  line  on  a 
frosty  moming^ 

One  of  the  best  and  most  recent  observations  of  these  bodies 
is  thus  related  by  Mr.  W.  R.  Brooks : — 

"  While  sweeping  on  the  evening  of  Not.  a8  [1883]  it  wm  mj  pleMore  to  obMnre 
a  wonderfol  shower  or  flight  of  teleecopic  meteors  about  10°  above  the  horison  and 
near  the  sunset  point.  They  were  rerj  smaU,  none  of  them  visible  to  the  naked  eye, 
most  of  them  leaving  a  hint  train  visible  in  the  telesoope  for  I  or  a  sees.  The  motion 
ci  most  of  them  was  to  the  northward,  with  an  occasional  group  to  the  Sooth  of  the 
Snn  moving  southward.  .  .  .  The  instrument  used  was  my  9-in.  reflector,  with  comet 

*  Tkeory  qf  Meteors,  eh.  i.  $  2,  note. 

^  Off9ervatory,  vol.  vi.  p.  123.  April,  1883. 


^V  Mr    Bunui]    of   NaHfariUe    eooSiam    the    sborc    remu^ 

^H  kiirl  MjB  tint  UD  Dee.  15,  1883,  be  MW  with  his  teleaec^  ionftll 

j^  bright  bodMs  eloae  to  th«  San.    'Tbej-werevisibkat  the  i»bt  of 

5  or  1  p«r  nistit«,  auI  all  tnoring  to  the  North  of  East  quite 
tmpidly.  OccMJonally  a  larger  body  was  seen  to  flash  across  the 
fl«l<l,  blaiTod  by  being  out  of  focns.  Oc<n«ialIy  they  looked  like 
HuIa  «t«ni,  many  as  bright  as  those  of  the  i**  magnitDde." 
U  'I'MiN  not  HeoDi  to  he  the  case  that  when  naked-eye  meteors  are 
fnwiridnt,  tek'ncopic  meteors  arc  also  to  be  seen  in  proportionate 
nuniljcni.  On  Deo.  13,  1H77,  Prof.  Lewis  Swift**  witnessed  an 
abiin<UiiL  diHplay  of  naked-eye  meteors  [probably  Geniinidg]- 
H(*  vHtiinntoil  that  one  observer  might  have  counted  50  per  boar 
iM'twoon  1''  '{o'n  A.M.  and  daybreak.  "  Ho  was  comot-fleeklng  at 
thn  tlinii,  and  iiotictnl  a  rcinarknble  paucity  of  telescopic  meteors. 
iiH  ihirinft  4I  hoiin  of  Hwci'piiig  be  only  saw  2  certainly,  and  one 

"  SiilrrtM   ilrvmigrr,  irol.  11.   p.    194.  '*  &faiM06<envr(Biatun),  tvl.  i.|i  46 
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other  suspected,  cross  the  field  of  his  glass,  whereas  they  are 
generally  of  frequent  occurrence." 

Prof.  Safarik,  the  variable-star  observer,  of  Prague,  has  given 
a  valuable  and  interesting  account  of  the  telescopic  meteors  he 
has  observed*.     Writing  in  1885  he  says: — 

**  Since  1879 1  h&ye  been  engaged  almost  exdoiiTely  in  obserrations  of  variable  Btars, 
and  in  that  time  I  hare  wen  hondreds  of  meteon  of  erery  magnitode,  from  the  and 
down  to  the  i  ath,  patting  through  the  field  of  my  •6}in.  reflector  (ordinary  power  3a, 
field  54')  or  its  I  }-in.  finder.  To  me  they  are  so  common  that  it  would  be  difficult  to  pan 
a  night  at  a  low-power  telescope  of  large  i^rtnre  withont  having  caught  sight  of  a 
coople  of  them.  On  Aug.  30,  1880,  I  noted  in  my  observing  book :  '  It  would  be 
difficult  to  tell  the  number  of  telescopic  meteors  which  passed  to-night  (between  ^ 
and  15I')  the  field  of  my  telescope  or  its  finder;  I  think  more  than  50,  if  not  nearly 
100.'  And  on  the  subsequent  night  {<gf^  to  14^)  :  'To-night  also  numerous  telescopic 
and  some  naked-eye  meteon  seen ;  Icm  than  last  night,  about  ao,  many  of  them  only 
diffused  luminosities.*  I  had  no  time  to  register  the  tracks  in  the  Bonn  Star  Maps, 
though  I  am  sure  that  after  a  little  practice  it  might  be  done  with  considerable 
accuracy.*' 

Prof.  Safarik  classifies  telescopic  meteors  as  follows : — 

(i.)  Well-defined  star-like  objects  of  very  small  diameter, 
round,  or  of  no  recognisable  shape,  sometimes  with  smoky 
luminous  trails  of  cometary  aspect — i,e,  widening  as  they  recede 
from  the  principal  body. 

(2.)  Large  luminous  bodies  of  some  minutes  of  arc  in  diameter, 
round  or  ovoid,  sometimes  pretty  well  defined,  ordinarily  diffused 
and  smoky,  with  wedge-shaped  tails,  fading  as  they  recede  from 
the  body. 

(3.)  Well-defined  discs  of  a  very  perceptible  diameter,  almost 
invariably  brighter  at  the  border  than  at  the  centre,  which 
gives  them  the  aspect  of  hollow  transparent  shells,  or  luminous 
bubblea  When  they  happen  to  travel  slowly  across  the  field 
in  an  horizontal  direction  they  look  very  much  like  soap-bubbles 
driven  by  wind. 

(4.)  Faint  diffused  nebulous  masses  of  irregular  shape,  con- 
siderable size,  and  different  colours. 

In  Class  1.  Safarik  places  an  object  of  very  peculiar  character, 
which  he  saw  on  April  24,  1874,  at  about  34^  p.m.     He  was 

*  Astronomical  Rfffuter,  vol.  zziii.  pp.  205-6.     Sept.  1885. 
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observing  the  moon  (nearly  illuminated  |^^)  in  bright  sunshine, 
with  a  4-inch  re&actor,  when  he  was  surprised  by  the  appa- 
rition, on  the  disc  of  the  moon,  of  a  dazzling  white  star,  which 
travelled  slowly  £rom  KS.E.  to  W.N.W.,  and  after  leaving 
the  bright  disc  shone  on  the  deep  blue  sky  like  Sinus  or  V^a 
in  daylight  and  fine  air.  It  is  well  known  that  luminous 
star-like  objects  are  seen  in  summer  time  near  the  Sun.  Schwabe 
gave  much  attention  to  them,  and  called  them  "  Lichtflocken."  It 
is  generally  admitted  now  that  they  are  partly  the  pappus  of 
various  seeds,  partly  convolutions  of  the  Gossamer,  floating  high 
in  the  air  and  brilliantly  illuminated  by  the  Sun  when  nearly  in 
the  line  between  the  Sun  and  the  eye.  Schroter  saw  something  of 
the  kind  at  night  (Oct.  15,  1789),  when  scrutinising  the  un- 
illuminated  part  of  the  Moon  with  his  7'*  reflector,  power  161. 
Suddenly  a  ''  splash  of  light,"  as  he  calls  it,  consisting  of  small 
sharp  sparks  of  light,  was  formed  on  the  disc  of  the  Moon,  and 
crossed  the  rest  of  the  disc  and  field  in  %  sees. ;  and  before  it  had 
left  the  field,  there  was  formed  another  splash  nearly  at  the 
same  place  and  which  left  the  field  in  the  same  direction. 
Numerous  telescopic  bodies  of  very  small  diameter  and  moving 
rapidly  across  the  Moon,  or  near  it,  were  also  seen  by  the  Abbo 
Lamey  in  1864  and  1873  ^ 

Safarik  gives  numerous  examples  of  the  various  classes  of 
telescopic  meteors,  and  concludes  with  the  following  remarks: — 
'^In  our  mineralogical  museums  hundreds  of  meteoric  stones 
are  preserved  and  have  been  thoroughly  studied  in  modem 
times.  They  present  a  great  variety  of  types,  fix)m  pure  compact 
iron  through  hard  crystalline  silicate  rocks  to  porous  fiiable 
masses  easily  broken  with  the  fingers.  The  identity  of  falling 
stars  and  meteorites  has  been  doubted  by  some  physicists,  but 
Schiaparelli  regards  their  arguments  against  identity  as  in- 
sufiicient,  and  so  we  may  admit  that  the  matter  which  con- 
stitutes falling  stars  is  similar  to  that  of  bolides.  Now  if  we 
try  to  establish  a  relation  between  the  different  known  classes 

'  Les  Mondes,  Nov.  ao,  1873. 
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of  meteorites  and  our  four  classes  of  telescopic  meteorites  we 
may  describe  it  thus: — 

*'I.  Solid  bodies,  small,  very  compact  and  refi*actory,  not 
easily  disaggregated  by  the  enormous  pressure  they  suffer 
on  entering  the  terrestrial  atmosphere;  little  or  no  occulted 
gases;  the  smoke  accompanying  part  of  them  may  consist 
of  the  superficial  melted  layer  torn  off  and  dispersed  by  the 
friction  of  the  atmosphere ;  (hard  stony  meteorites). 

"  n.  Bodies  larger  than  Class  I.,  of  a  less  compact  material, 
which  is  easily  melted  and  torn  off  by  the  mighty  current  of  air 
produced  by  their  rapid  flight ;  another  part  of  their  envelope 
and  trail  may  consist  of  vapours  and  gases;  (tufiEUieous  and 
conglomeratic  stony  meteorites). 

"  UL  Small  very  compact  and  refractory  masses,  rich  in  occulted 
gas,  which  is  expelled  by  their  sudden  enormous  calefaction,  and 
expands  almost  equally  in  every  direction,  presenting  thus  the 
appearance  of  a  ball ;  (siderites). 

"  IV.  Clouds  of  coemical  dust  or  meteorites,  so  soft  and  friable 
that  they  are  crushed  and  converted  into  dust  as  soon  as  the 
pressure  of  the  atmosphere  begins  to  act  upon  them." 

These  deductions  are  interesting,  and  will  doubtless  be  tested 
by  new  observations  which  can  hardly  fail  to  throw  some 
further  light  on  the  subject.  Prof.  Herschel  has  also  called 
attention  to  the  desirability  of  ascertaining  whether  telescopic 
meteors  are  principally  seen  only  at  low  apparent  altitudes 
and  moderate  real  heights,  or  whether  they  appear  with  equal 
frequency  at  all  angular  altitudes  above  the  horizon,  and  there- 
fore at  all  possible  heights  above  the  earth's  surface  to  which 
the  use  of  astronomical  telescopes  enables  us  to  extend  our 
sights. 

The  showers  of  telescopic  meteors  witnessed  by  Brooks  and 
Barnard  in  March  and  December,  1883,  were  very  noteworthy, 
and  Denning  has  suggested  that  they  were  connected  with  the 
remarkable  sun-glows  which  attracted  so  much  attention  at  that 

*  Report  of  the   Lnminout  Meteor  Committee  of  the  Brituh  Ait$o€iation,  1S78, 
p.  116. 
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period ;  but  this  idea  seems  to  me  at  variance  with  what  we 
know  otherwise  as  to  the  cause  of  these  glows. 

Perhaps  the  most  striking  observation  ever  recorded  of  a 
meteor  seen  by  means  of  a  telescope  was  by  Schmidt  on  Oct.  19, 
1863,  when  he  followed  a  fireball  for  14  seconds.  This  meteor 
was  double-headed,  and  was  closely  attended  by  a  number  of 
smaller  meteors  advancing  together  with,  parallel  motions. 
[See  Fig.  241,  Plate  XXXVI.]  Though  not  a  telescopic  meteor 
properly  so  called,  it  merits  description  irom  its  curious,  multiple 
character,  and  the  inference  suggested,  that  could  instrumental 
observations  of  bolides  be  greatly  increased,  we  might  often  find 
that,  instead  of  a  solitary  compact  mass,  the  nucleus  is  really 
composed  of  a  number  of  bodies  revolving  closely  together  in 
concentric  orbits. 
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83 

90 

1855,  Jan.  0.0 

Becker. 

0-1383 

976 

3-^4 

2-3^5 

44 

9-9 

1889,  Mar.  30    .. 

Otinther. 

0.3338 

635 

5-59 

3-»47 

46 

II'O 

1888, Dea  no  ... 

Sehnbert. 

OK>83i 

853 

4.16 

a-587 

4a 

10-6 

1855,  Jan.  00 

Lester. 

0-3333 

739 

4-84 

3871 

36 

118 

1888, Not.  10    ... 

Sehnbert. 

0.1094 

806 

4.40 

2.686 

29 

"-5 

—    Not.  30    ... 

Anwers. 

0.3347 

686 

5-17 

2.993 

38 

12.3 

—    Sept  33.0 .. 

Sehnbert 
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AuUato  ..  ;  1855,  Oct.  5       !  G<>MKlimiih 

rides I     —   Oct.  5        j  LoUier. 

Ledb ;  1856,  Jan.  12     I  Chaeoniae  ... 

Letitia -     —    Feb.  8       I  ChjMsamac  ... 

—    Mjtf^3i     Luther 


Dapline. 
Itu  .... 
Arudne. 
Nyia.... 
EogeniA 


HertU 
Melete 
AgUU 
Doris .. 
Pales.. 


Airgima 

Nemausa  ... 

Enropa  

Calypso 

Alexandra... 

Pandora    ... 
Mnemosyne 
Concordia  . . . 

Danae    

01ym.(Elpi») 


Erato 

Echo 

Ausonia 

Angelina  ... 
Cybele   


Maia 

Asia  

Hcaperia    . . . 

Loto  

Panopea    . . . 


—  Bfay  ai 

—  May  23 

1857,  April  15 

—  May  27 

—  Jime28 

—  Aog.  16 

—  Sept.  9 

—  Sept.  15 

—  Sept  19 

—  Sept.  19 

—  Oct.  4 

1858,  Jan.  22 

—  Feb.  6 

—  April  4 

—  Sept.  10 

—  Sept.  10 

1859,  Sept.  22 
i860,  March  24 

—  Sept.  9 

—  Sept.  1 2 

—  Sept.  14 

—  Sept.  14 
1 861,  Feb.  10 

—  March  4 

—  March  8 

—  April  9 

—  April  17 

—  April  29 

—  April  29 

—  Mays 


Goldsdunidt 

Pogson 

Pogson 


Paris 

Bilk.. 

Paris 

Paris 

Klk.. 


Oxford. 
Oxford. 


Goldsdimidt   ,  Paris 


Goldschmidt 


Goldsdimidt 

Lniher 

Goldschmidt 
Goldschmidt 


Ferguson 

Laurent  

Goldschmidt 

Lnther 

Goldschmidt 


Searle 

Lnther 

Luther 

Goldschmidt 
Chacomac  ,. 


Forster 

Ferguson 

Be  Gasparis 

Tempel    

Tempel    


H.  P.  Tuttle 

Pogson    

Schiaparelli 

Luther 

Goldschmidt 


Paris 


Pogson. Oxford 

Paris 
Bilk... 
Paris 
Paris 


Washington 
Nismes    .... 

Paris    

Bilk 

Paris 


Albany,  U.S. 

Bilk 

Bilk 

Ch&tillon 

Paris   


Berlin 

Washington 

Naples 

Marseilles  ... 
Marseilles  ... 

Cambridge,r.S. 

Madras    

Milan  

Bilk 

Chatillon 


43    9 
6636 

100  27 

a  45 
054 


SH9   5 

818 

396  28 

«57a3 

93  35 


395  II     194   o 


3*5  30 
72    2 

31  40 

10  29 

17427 
106    3 

9253 
39539 

"  44 

5a  3 
189  10 

343  57 
1840 

3859 

99^5 
270  40 

"4  57 

359    5 

48  o 
$06  23 
no  19 

346   4 
309  39 


358 
185    2 

29039 

17339 

17545 
12942 

144    3 


1057 
200   o 

161  20 

334    9 
17041 

12546 
19158 

337  57 
31056 

15850 

8^5 
202  50 

18644 

45    o 
48  14 


221  21 

1 
17850 

318  4 

8427 

27817 

26440 

"I  54 

131  8 

23331 

14S  4 

35412 

181  30 

1840 

3  6 
658 

10  23 
416 

'5  55 
Sl5 
318 

34» 
635 

318 

8  3 

5  " 

630 

3  8 

9  57 
716 

5  7 


3«3  45    "48 


713 
15" 

5   * 
1816 

837 

2  n 

3  45 

5  47 
I  19 

3*9 

3  5 

5  59 

831 

758 
II  38 
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f 

H- 

Period. 

Semi* 
aria, 
Mnjor. 

J 

App. 
opp. 
Star 
Mag. 

Epoch. 
BerUn  M.  T. 

Calculator. 

II 

Yoara. 

e'B-i. 

MU«. 

0-3002 

780 

4-55 

2.746 

18 

12.0 

i889,Mar.  i-o 

Schubert. 

o«i762 

835 

430 

2645 

47 

10.4 

1888,  May  25.0  ... 

Schubert. 

0.1544 

782 

4-54 

2.741 

40 

1 1.4 

1886.  Oct.  24.0  ... 

Berberich« 

0.1144 

771 

463 

2767 

90 

9-5 

i8S8,Jmi.27.o  ... 

Hetjen. 

0.0465 

1039 

3-4« 

2.267 

61 

9.2 

i863,/aii.o.o 

Schubert. 

0*2661 

771 

4.62 

2.767 

61 

10-5 

1888,  Feb.  16.0... 

Berberich. 

0.2227 

930 

3-8i 

2441 

39 

10.4 

1887,  Aug.  20K>... 

L.  Becker. 

0.1679 

1085 

3-37 

2. 203 

33 

1.0.0 

1889,  Jan.  1.0 

Prey. 

0-1530 

942 

3-77 

2.411 

42 

9-8 

1888,  Aug.  1 4.0... 

Powalky. 

0.0825 

791 

4-49 

2.721 

44 

10.7 

—    Apr.  16.0  ... 

Riohter. 

0-1659 

884 

4.01 

2-535 

25 

10.6 

1888,  May  6.0    ... 

Karlinnki. 

0.2340 

847 

4.18 

2-599 

29 

1 1.7 

1887,  Dec.  280  ... 

R.  Luther. 

0.1328 

726 

4-88 

2.880 

43 

Il>2 

1889,  Feb.  10.0  ... 

Powalky. 

00628 

645 

5-i3 

3-"5 

57 

10.9 

1888,  Apr.  160... 

Powalky. 

0.2289 

652 

5-44 

3-094 

61 

II'O 

1887,  Mar.  2.0  ... 

Powalky. 

0.2882 

823 

4-33 

2.649 

25 

II.7 

1889,  Feb.  100  ... 

Powalky. 

0-0674 

975 

364 

a-365 

38 

9-8 

1888,  July  25.0  ... 

Berberich. 

0-II35 

652 

5-44 

3-093 

72 

103 

—    Sept.  230  ... 

Murmann. 

0-2048 

837 

424 

2.620 

29 

"-5 

—    Mar.  7.0    ... 

Tietjen. 

0.1999 

796 

4-47 

2.710 

40 

10.9 

1884,  Aug.  150... 

Schultz. 

0.1446 

774 

4-58 

2-759 

44 

10.8 

1885,  Jan.  22.0  ... 

Moeller. 

0-II75 

<^35 

5-59 

3-»50 

63 

10.7 

1P88,  Dec.  120  ... 

Adolph. 

0.0425 

800 

4-43 

2.704 

31 

11-6 

1865,  Jan.  7.0 

Oppolzer. 

0.1662 

689 

5-15 

2.982 

38 

II-O 

1888,  Jan.  170  ... 

R.  Luther. 

0.1172 

794 

4-47 

2-713 

36 

10.9 

1865,  Jan.  7.0 

Oppolzer. 

0-1757 

643 

5-53 

3124 

40 

".3 

1877,  Sept.  2 10... 

Oppolxer. 

0.1825 

958 

370 

2-394 

17 

ii.i 

1888,  Feb.  16.0  ... 

C.  H.  F.  Petenu 

o'a53 

957 

371 

2-395 

49 

9-9 

—    July  25K>  ... 

Tietjen. 

0.1242 

808 

4-39 

2.682 

44 

10.5 

1887,  Jan.  12.0  ... 

Oppolxer. 

0.1031 

558 

6.36 

3-430 

63 

II-O 

1888,  Aug.  14.0... 

Fritocha. 

0.1728 

823 

4-31 

2.648 

18 

12.2 

1887,  April  2.0  ... 

Maywald. 

0.1865 

942 

3-77 

2.420 

22 

11-2 

1888,  Aug.  140... 

FrischauC 

0-1645 

689 

5-15 

2.983 

32 

10.7 

1880,  Mar.  29.0... 

Kowalcsyk. 

0.1851 

764 

4.64 

2-783 

60 

10.5 

1879,  May  I4K> ... 

T.  Wolft 

0.1814 

839 

423 

2.615 

36 

10.9 

1874,  Jan.  0.0 

Dnn^. 

uu 
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No. 

-- 

Di«.™d 

• 

ni 

™ 

IW 

at 

u        1 

® 

© 

© 

© 
© 

i 
© 

© 
© 

i 
© 

Fer»iii>   ... 

Niobe  

Clytie  

Galatea  ... 
Eurydire... 

Frei.    

Frigga 

Diana  

EuryBome 
Sapph.    ... 

Terpriohore 
AlomeDe... 
Beatrix   ... 

:86i.  May  39 

—  Aug.  13 
i86>,  April  7 

—  Aug.  30 

—  Sept.  23 

—  Oct.    31 

—  Nov.  15 

1863,  March  15 

^    Sept.  14 

1864,  May  » 

_    Sept.  30 
_     Nov.  .7 
186s,  April  36 
~    Aug.  as 

—  Sept.  19 

1866,  Jan.  4 
_     May  .7 

—  June  15 

—  Aug.  6 

—  Oct.  I 

—  Nev.4 

1867,  July  7 

—  Aug.  84 

—  Sept.fi 

—  Nov.Jj 

1868,  Feb.  17 

—  Feb.  17 

—  April  18 

—  May  =9 

—  July  II 

—  Aug.  15 

—  Aog.« 

—  Sept.  7 

—  Sept.  .3 

—  Sept.  16 

CH-F-Peten 

Clinton,  US.... 

3^>5 
i»»    7 

57  "> 

8  ti 

33S33 

9043 
69  4° 

til  43 
44^6 

355  3» 

«    4 
131 -to 

J07  JO 
316  tg 
74» 
'97  S9 
359  59 

33358 
»e6  4i 
J1836 

113 

16  s8 

tm 

4« 
i  " 

■  ] 
lit 
*¥> 

^n 
ifi 

in 
■*i 

S  " 

(U 

i'*4 

447 

10  5S 
J'S 

it  II 

1  i 
9!fi 
8ji 
S  4 
1156 

)6  6 

11  4E 
IS  31 

"3  S3 

613 

S   5 

S»4 
>M 
113' 

Canibridge,C.a 
CUnUKi.UA... 

Copenhagea  ... 
Cliaton,  U.S.... 

Tempel    

CH.F.Peler. 

D' Arrest 

C.H.F.Peten 

AnnArbor,U.S. 

T-^-P^l    

MaraeiUaa 

De  Gaaparis 

339  5S     3»r  »6 

C.H.F.  Pflten 

Clinton,  U.8.... 

Seniele 

Sylvia 

Thisbe 

Julia   

Antiope  .. 

^iua 

Uudina    .. 
Minerva  .. 
Aurora     .. 
Arethuu  . 

-^l"    

Ootho 

lanthe 

"855 
334  " 
309  'O 

353  59 
301  iJ 

Si  38 
3=7  47 
27639 
45  39 
34  33 

16146 
65  33 
14843 
14054 
30618 

3»7    0 

354  4» 
3»oSS 

60  SI 
14=46 

87  5" 
75  J3 
»77  36 
3"  44 
71  H 

>o57 

'o>S3 

4  55 

4 '7 
*44    3 

3"  57 
.6043 
354  IS 
4'    » 
118.4 

343  39 
"'  45 
"36  13 
4.1  39 
188    6 

C.H.F.  Peter. 
Luther 

Clintai,  U.S.... 

Stephan  

C.H.F.Peten 

Wataon   

Wation   

MareeiUe 

Clinton,  U,a..., 
AnnArbor,U.S 
AnuAri>OT,U.S 

Clinton,  U-S... 

ManeUIn 

AnnAtbor.U.S 

AiinArbor,U.a 

Clinton,  U.S... 
AmiArbor.U.S. 
AnnArbor,U.3 

Tempel    

C.H.F.  Peten 

Borrelly 

WaUon   

Wataon    

C.HF.Peteni 

WatBon   

Wataon   

WatBon   

Hecate 

Helena 

Miriam    .. 
Hera 

Clymene.. 
Artemii  ,. 
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fl 

#* 

Poriod. 

Semi. 

axk. 

Major. 

App. 
Mag. 

Epoch. 
Berlin  M.T. 

Cklcalaftor. 

» 

Yeun. 

®'>SI. 

o*i2oa 

1040 

3-41 

2-266 

II-2 

1886,  Oct  24*0  ... 

C.  H.  F.  Peters. 

0.1768 

776 

4-57 

a-754 

10.7 

1888,  July  5-0   ... 

£.  Becker. 

0*0442 

816 

4-35 

2665 

I2-0 

1886,  Nov.  13*0  ... 

Powalky. 

o-a383 

766 

463 

2-778 

11*8 

1888,  May  26.0  ... 

Bfaywald. 

0-3029 

811 

4-37 

2-674 

116 

—     Aug.  14.0 ... 

StockwelL 

0.1688 

56a 

6-32 

3418 

12.0 

1889,  Jan.  21.0  ... 

Murmann. 

0-1331 

814 

4-37 

2-668 

II.I 

1888,  Sept  3*0    ... 

PUth. 

0.2088 

837 

4H 

2-619 

10.6 

1882,  Sept  15-0... 

Dubjagc 

0.1934 

928 

3-82 

3-444 

IO-5 

1886,  Oct  22*0  ... 

Tiachmann. 

o.aoo8 

1020 

348 

2*296 

10.6 

1888,  June  15.0... 

0-2I02 

736 

483 

3854 

1 1-8 

1888,  Sept  3.0  ... 

Maywald. 

0.2218 

772 

4-59 

2764 

11-7 

1887,  KoY.  28.0 ... 

W,  Luther. 

0.0848 

936 

378 

2-432 

"-3 

1888,  May  26.0  ... 

E.  Becker. 

0-3354 

977 

363 

2-362 

"•3 

1889,  Feb.  10.0  ... 

Bfaywald. 

0.1934 

821 

4-3a 

2-654 

10-9 

1887,  Nov.  28.0... 

Oroeben. 

0'210I 

650 

546 

3-IOI 

124 

1889,  Feb.  lo-o  ... 

Maywald. 

0.0947 

546 

6-50 

3481 

11-9 

1888,  Nov.  22.0... 

PUth. 

0-1642 

771 

4-60 

2-766 

10-8 

1883,  Oct  20-0  ... 

Kowalcsyk. 

0.1803 

871 

4.07 

2551 

10*1 

—    Dec  19.0  ... 

T.  Wolff. 

O.I613 

636 

558 

3147 

11*6 

1888,  Aug.  14*0... 

Bfaywald. 

0.1083 

85* 

4-i6 

2.589 

"•3 

1889,  Apr.  ii-o  ... 

Bfaywald. 

O.IOII 

623 

5-70 

3*i88 

10-9 

1884,  Dec  13-0  ... 

Anderson. 

0.1409 

776 

4-57 

a-755 

10.8 

1886,  Nov.  13.0... 

Lehmann. 

0-0825 

631 

5-62 

3163 

"•3 

1883,  July  12-0... 

Leppig. 

0-1492 

661 

5-37 

3-067 

113 

1888,  Aug.  14.0... 

Schur. 

0.1363 

665 

5-33 

3-053 

1 1.4 

1887,  Nov.  8-0    ... 

Schnlhof. 

0*2571 

814 

4-35 

2*669 

10.6 

1888,  Nov.  2.0   .. 

Maywald. 

0-I9I7 

806 

4.40 

2*686 

11-6 

—      Nov.  22-0... 

C.  H.  F.  Peters. 

0.2385 

759 

4-68 

2*797 

14.0 

1868,  June  5.0  ... 

LowyltTlsserand. 

0.1673 

654 

5-44 

3-087 

11-9 

1888,  Mar.  70   ... 

Stark. 

0.1392 

854 

415 

3585 

107 

—    June  15-0 ... 

Watson. 

0.2529 

818 

4-34 

2-660 

12-6 

—    May6K>    ... 

C.  H.  F.  Petetf. 

0.0814 

799 

4-44 

2-701 

IO-2 

^    Feb.  16.0  ... 

Leveau. 

0-1556 

633 

5*60 

3156 

12-2 

—    May  6.0    ... 

Watson. 

0.1759 

971 

3-66 

2-372 

Il-I 

1889*  Feb.  lo-o  ... 

A.  Leman. 

V\\  2 
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DJMCOTarBd 


"So. 


Name. 


<m 


Dione  

Camilla  ... 
Heeabft  ... 
FeUoitM  ... 
Lydia  


Ate. 

IphigeniA 
Amalihsea 
CftMandra 
Thyra 


Sirona 

Lomia 

Peitho 

Althaea    ... 
Lachesis  ... 

Hermione 

Gerda 

Brunhilda 

Alceste... 

Liberatriz 

VeUeda   .. 
Johanna  .*.. 
Xemesis  ... 
Antigone.., 
Electra    .. 


Vala    

i^thra  ... 
Cyrono  ... 
Sophroeyne 
Uertha    ... 

Austria  . . . 
Melibtipa ... 

Tolosa 

Jnewa 

Siwa.    


1868,  Oct.  10 

—  Not.  17 

1869,  Aptil  a 

—  Oct.  9 

1870,  April  19 

—  Aug.  14 

—  Sept.  19 

1871,  March  la 

—  July  as 
«-    Aug.  6 

—  Sept.  8 

—  Sept.  I  a 
i87ay  March  15 

—  Aprils 

—  April  10 

—  May  I  a 

—  July  31 

—  July  31 

—  Aug.  as 

—  Sept.  II 

—  Nov.  5 

—  Nov.  5 

—  Nov.  as 

1873,  Feb.  5 

—  Feb.  17 

—  May  a4 

—  June  13 

—  Aug.  16 

—  Sept.  37 

1874,  Feb.  18 

—  March  i 

—  April  a  I 

—  May  19 

—  Oct.  10 

—  Oct.  13 


Watson   ..... 

Pogson 

Luther , 

C.H.F.Peten 
Borrelly  .... 


C.H.F.  Peters 
C.H.F.  Peters 

Luther 

C.  H.F.Peters 
Watson   .... 


AnnAxbor,UJ3. 

Madiat 

Klk   

Clinton,  U.a... 
Maneillea 


C.  H.F.Peters 

Borrelly  

Luther    

Watson    

Borrelly  


Clinton,  U.8.... 
Clinton,  U.a... 

Mk    

Clinton,  U.a... 
AnnAxbor,U.S. 

Clinton,  UA... 

Marseilles 

Bilk    

AnnArbor,U.S. 
Marseillee 


Watson    

C.  H.F.Peters 
C.  H.F.Peters 
C.  H.F.Peters 
ProsperHenry 

Paul  Henry 
ProsperHenry 

Watson    

C.  H.F.Peters 
C.  H.F.Peters 

C.H.  F.Peters 

Watson    

Watson   

Luther 

C.H.  F.Peters 


AnnArbor,TJ.S. 
Clinton,  U.S.... 
Clinton,  U.S.... 
Clinton,  U.S.... 
Paris 


Palisa  .. 
Palisa  .. 
Perrotin 
Watson 
Palisa  .. 


Paris 

Paris  

AniiArbor,U.S. 
Clinton,  U.S.... 
Clinton,  U.S.... 

Clinton,  U.S.... 
AnnArbor,U.S. 
AnnArbor,U.S. 

Bilk   

Clinton,U.S. ... 


Pola  .... 
Pola  .... 
Toulouse 
Pekin.... 
Pola   .... 


O         f 

26    8 

III     2 
16958 

5653 
33619 

no  13 

338    3 
300    I 

15334 
43    o 

«5»47 
48    6 

7833 
II  a6 

aas    o 

35717 
aoo  46 

6913 
347  30 

376    8 

34843 
119  58 

1547 
343  13 

ao  35 

• 

330  39 

15245 
341  33 

67  30 

32033 

31615 

30935 
310    I 

1^4  3» 
30a  7 


ft 


0  I 


O         f 

63  ao 

17559 
352  31     4H 

433!   8  I 


43S 
9." 


57  M 

30633 

334  2 
133  8 
16435 

309" 

6435 

349  33 

4732 

30356 

34240 

7655 

17852 
30831 

188  33 

169  36 

23  19 
31  49 
7638 

13744 
146    5 

6525 
25953 

331  13 
34624 

344   o 

186  15 

20343 

5448 

352  27 

107    6 


6  0 

456 
«37 

5  » 
454 

1135 

1458 
74: 
544 
659 

736; 

136J 

6  35  j 

43S; 

256 
816 
616', 

12  10! 
22  57 1 

I 

458, 

24  57 1 

7M; 

11361 

a  18, 

I 

933 

13  21 

314' 
1057 

3" 


Book  VI.] 


The  Minoi'  Planets. 


661 


« 

«i 

Period. 

Semi- 

ftzia. 

Major. 

App. 

SUr 
Mag. 

Epoch. 
Berlin  M .  T. 

n 

Yean. 

e'a  =  I. 

0-I754 

639 

5*64 

3167 

"•3 

1888,  May  6.0    ... 

Hetjen. 

0*0693 

544 

6-53 

3-49» 

iia 

1887,  ^®^-  >'-0  ... 

Matthieaeen. 

0*1048 

618 

5-74 

3306 

11.7 

1888,  Ang.  140... 

Schulhof. 

0-3977 

803 

4-43 

3.696 

13*0 

1887,  Dec.  18.0  ... 

Oroeben. 

0*0808 

786 

4-51 

3.733 

10.5 

1888,  Feb.  16.0... 

H.  Oppenheinu 

0.1045 

850 

4-17 

^•593 

"•3 

1887,  Sept.  9.0  ... 

Holeteohek. 

0*1283 
0.0866 

934 
969 

3-8a 
3-66 

2-435 
237^ 

1 1-5 
11.0 

1888,  July  35.0 ... 
—    Jan.  17.0  ... 

l^tjen. 
W.  Luther. 

0.1374 

810 

4^8 

3.677 

II. 1 

—    July  5.0    ... 

Anton. 

0-1934 

966 

3<»7 

3.380 

10.4 

1886,  May  36.0  ... 

Wat0on« 

0-1413 

770 

4*63 

3.769 

10.7 

1880,  Sept.  35.0... 

H.  Oppenheinu 

0.0294 

686 

517 

3.991 

1 1.4 

1887,  Nov.  380... 

Hetjen. 

0*1610 

93' 

3-8 1 

3.439 

10.8 

1888,  l2[ay  260  ... 

Holetflchek. 

0.0825 

856 

4->5 

3.580 

10.6 

—    Jan.  2*j-o  ... 

Berberich. 

0.0541 

<»45 

5-50 

-  3-"8 

117 

—    Feb.  I7K>  ... 

Plath. 

0.1263 

552 

6.43 

3456 

11*3 

1887, Nov.  80    ... 

Berbench. 

0.0451 

614 

5-78 

3-231 

i«-5 

1888,  May  6.0   ... 

Langc. 

0.1319 

803 

4-43 

2*694 

11*8 

—    March  7.0... 

Berberich. 

oK>779 

832 

4-27 

3-639 

10.3 

—    March  37.0 

HaU. 

0.0787 

781 

4-54 

2-743 

113 

—    Jan.  37.0  ... 

Lange. 

0.1054 

932 

3-83 

2-439 

11-5 

1887,  Sept.  9*0  ... 

Groeben. 

0.0645 

776 

4-57 

2.756 

10.5 

1888,  Mar.  370... 

Maywald. 

0-1288 

777 

4'5<» 

2-752 

10*6 

1886,  Dec  330  ... 

A.Palisa. 

0*3136 

731 

4.87 

3-866 

10.3 

1888,  Mar.  7*0  ... 

Austin. 

0-2143 

645 

550 

3"5 

10-6 

—    Nov.  3 2.0  ... 

Powalky. 

0.0686 

936 

3-77 

2-432 

13*3 

—    May  6.0    ... 

Berberich. 

0-3832 

846 

4.19 

3*600 

11*1 

i88l,Jan.  30    ... 

WatM>n. 

0.1418 

663 

5-35 

3-061 

"•3 

1888,  May  26.0  ... 

Maywald. 

o*ii6t 

864 

4.13 

2-5^5 

11*1 

—    May  6*0    ... 

Maywald. 

0.3039 

938 

378 

3438 

10*5 

1889,  Feb.  lo-o  ... 

Maywald. 

0.0848 

1026 

3-4<» 

3.286 

.    11-3 

1879,  Dec.  10.0  ... 

H.  Oppenheiin. 

0*2143 

643 

5-53 

3-"4 

II-8 

1887,  Nov.  28.0... 

Tietjen. 

0-1619 

936 

383 

2-449 

118 

1888.  Feb.  60    ... 

Plath. 

0.1777 

766 

4-^3 

3.780 

■  10*9 

—    Dec.  12.0  ... 

Berberich. 

0.2162 

786 

!    4-5 « 

2-73« 

i  II-4 

1883,  Oct  20*0  ... 

Maywald. 
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Lamm  

PoUn*  

VibilU  

Luoinft  

Prot-^enei* 

G&U!k    

Medusa 

Nuw«. 

AbundantJK 

Aula 

HQda 

Berth*  

Sa;Ua    

Xantlpps  .. 

Dejsnin    .. 

Cfironii  

yEiuilift 

Uns   

Athor 

LaarfiDtia  .. 

EHgone 

Eva    

RboAapo    .. 

Urda 

Sibylla  

Zelia  

Ophelia 

Baucis   

Ino 

Pbicdra 

Andronmche 


—  JnnaS 

—  July  10 

—  Aag.  7 

—  Sept  a: 

—  Oct.  19 

—  Nov.  I 


—  July 

—  Aug. 

—  Sept.  1 
1877,  Jan.  i( 

—  Jan.  1! 

—  Feb.s 

~  8ept,3 


Paul  Henry.,. 

Pali« 

Paliia 

C.H.F.PetBn 
C.H.F.Petere 

Borrelly  

Sohulhof 

PriMperHeuiy 
PeiTotin  .... 

Patiia 

Paul  Hanry. 

Paliaa  

PrasperHenr; 
Paliaa  

Palim 

Borrellj  

Knomt 

Paul  Hanry,., 
C.H.F.PeterS 

Wataon    

ProaperHenry 

Paul  Henry... 
C.M.F.Potere 

C.H.F.Potw» 
C.M.F.Petera 

Watson    

ProaperHenry 

PccTotin 

BoiTsUy 
Bomlly 
Borretly 


Paris... 
Pola  .. 
Pola  .. 
Clinton,  U.S. 
Clinton,  D.B. 

Maneillet... 

Pa(i« 

Tooloaae  ... 
AnnAibor,U& 

Pola  

Paris 

Pola  

Pari* 

PoU  

Polm  

Maneillei.,. 

Berlin    

Parii 

Clinton,  Uii 

AnDArbo'iU.S. 

Paris 

Toulonie    

Paris 

Clinton,  VS. 

Clinton,  U.S. 
aintoD,  u.a, 
AnnArbcr.U.S. 
Parie 

ToolonM   . 

UttvaiUea. 
Maneilln. 
Maneillei. 
AnnAxlKv.n.S. 

AnnArbOT,U.S. 


3J7  »3 
'3  34 
36    6 

»46  4y 


»8-»35 
'9059 
8a  14 

'S6  9 
107  3J 
6158 


359 '9 
J7956 


>3  33 
*53  46 
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• 

^ 

Heml- 
fit 

App. 

b„Mt. 

^^. 

, 

T««. 

S'l-I 

».i36 

816 

4-3S 

.-664' 

1 1-4 

1888,  Feb.  16.0.. 

0-1331 

943 

3:6 

1.419 

IJ-J 

188s.  Itec.  18.0  „ 

L.  Becker. 

0-0734 

773 

4-S7 

1.761 

11-4 

1880.  HkT.  19.0.. 

H«rdal. 

0-1319 

8.9 

4-33 

»-fifi7 

10-7 

1888.  July  180... 

Pow.lky. 

0-1438 

811 

4-38 

»-67S 

11-3 

—     M.yfi-0    ... 

■netjen. 

*o663 

791 

448 

1.719 

n-i 

—     Apr.  i6-o  ... 

0-0308 

639 

£-S4 

3- "37 

11-5 

—      Deo.  Il-O... 

L.  B«ker. 

0-1834 

768 

4.6. 

'■773 

11.0 

—     July  is-o  ... 

L.  Becker. 

0-1193 

■139 

3" 

1133 

119 

—     Sept.  30-5... 

Tietjen. 

0.130S 

690 

S-S 

1.9S0 

11.6 

1884,  M.y  IJ.5  ... 

0-0369 

85' 

4- '7 

3-59' 

11-7 

1887.  Sept.  9.0    .. 

KiMT-f- 

0-0814 

638 

5  54 

3139 

111 

i888,J»n.  7-0    - 

Unge. 

0-1675 

449 

7.90 

3968 

1J.6 

-     June  150... 

Ktihnert. 

0*787 

611 

S-71 

3>97 

1 1-1 

1887,  Dec.  :8<... 

Anton. 

0-J5S7 

7'4 

497 

^■9'3 

'35 

1B7J,  No*.  8-s    ., 

Scbolhor. 

0.636 

670 

£.19 

3038 

11.9 

-     Nov.  17-5.. 

A.  Schmidt. 

0-1105 

85s 

4»5 

if83 

■4  7 

—     Dec.  17.S  .. 

A.  LetoMi. 

O-0S41 

73' 

4-86 

1-868 

11-3 

1888.  July  ijo... 

M»yw^d, 

o-ioia 

648 

548 

3-107 

"■3 

—    Mm,  7-0    .. 

Bmberioh. 

»a6So 

788 

4S» 

i.7>8 

118 

*_      Not.  u-o.. 

o-'377 

967 

3-67 

»-379 

no 

—      Sept.  3-0    ... 

■netjen. 

0-1819 

676 

s»s 

3019 

"■3 

,887,Janens    ,. 

Tietjen. 

0-1567 

981 

3JS. 

"■356 

no 

1876,  M«j  16.5  .. 

A.Lemui. 

0-3464 

831 

4"7 

1633 

"■5 

1888,  Apr.  i6-o.. 

Richter. 

OK>703 

540 

i-£4 

3.131 

U-I 

—    Not.  1.0    ,. 

Samtor. 

80S 

440 

1.687 

"S 

-     May  16-0  .. 

BichWr. 

0*340 

737 

4<> 

i-8i. 

13^1 

1889,  Apr.  .1-0... 

Unge. 

0-0753 

s;3 

6.10 

3-37> 

11.6 

1888,  Sept.  3-0    ■- 

Grocbrn. 

0-1301 

980 

J.6. 

1-358 

11-3 

1B87,  Not.  8<)    ... 

Rich  tar. 

1M1648 

870 

4.08 

1-554 

"•7 

lS»8,  D«.  11-0  .. 

A.  Lenuin. 

o.ii6i 

636 

Jj! 

3- "48 

ii-i 

-    J«.;-o    ... 

Berberich. 

0-1141 

967 

3.67 

1.379 

10.4 

-     Keb.  16-0... 

Berberich, 

0-M73 

78. 

4S4 

1.741 

ii<) 

-     Apr.  16.0  ., 

Beck*. 

0-1406 

733 

484 

1861 

1 1-6 

1886,  June  i6-S.. 

H.  Oi>penhcini. 

0-3478 

540 

til 

3507 

1883,  July  no.. 

Watwn. 
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BelinuiB  ...  —  No 
Clytenmeatni,  —  Ko 
0&ramii»  ...   1878,  Jsi 


C.H.  F.Pete™ 
Paul  Henry 

pjite 

W«Uon   .... 
PerroUn 


Eachuii    ...I  —  Feb.  3 

Elu  ]  —  Feb.  7 

l8tri» I  —  Feb.  B 

Deiopeik   ...|  —  Feb.  18 

Ennike —  March  1 


Colat*   

Lunberta  ... 
Menippe   , , . 

Phthis  

Iioneiie  

I  Kolga    

'  Nnnsikui  ... 

Ainbrosia  ... 

Prokne  

Eutyldela... 

Philomela... 

Ampella    . . , 

Bjbli*    

Dfiiamene 

Penelope   . . . 

Chrjwu    . . . 

Callieto 

Mutha 


Ued<U   . 
Ucrimos 


Aprils 


Sept.  30 
1S79,  Feb.  17 


Mar.  1 
—     April  1 


Pallia  

Palim 

Paliea  

CH.F.Petem 


ProsperHeorj 

C«gff'" 

CH.F.Peten 
C.H.F.Pete« 
C.H.F.FeteT« 


C.H.F,Peter» 

Palisa 

•^■^gi* 

C.H.F.Peter. 
P.l*aa 


Aug.  7 
Sept.  II 

SeptiJ 


May  14  I  C.H.F.Petan 

May  II      Faliwi 
Jone  13 

Jnl,  17 


Borrelly  

C.H.  F.Peters 
C.H.F.Peton 

PaUia 

CHF-Peten 

CH.F.Peten 

PalUa  

Pali*.  


Clinton,  VS. 

Parii 

Pola  

AimArboTfU.f 
Tonloiue   

MaiseOlai 

Pola  

PoU  

Pola 

Clinton,  U.S. 

Pari. 

Mat«eiUea 

CtintoD,  U.3. 
Clinton,  C.S. 
Clinton,  UJS. 

Clinton,  U.a 

Pola  

ManeiUeB 

Clinton,  VM. 
Pola  

Clinton,  U.S. 

Pola  

Maneille* 

aintoD,  U.S. 
Clinton,  UA 

PoU 

Clinton,  U.S. 
CUnton,  U.S. 

Pola  

Pola  

Clmton,  U.S. 

PoU  

PgU  

ainton,  U.S. 
PoU   


»t  48  :  101  8 
"  4°  349  "9 
J6l40j  5051 
355  ■♦o  '53  13 
134  J3'3'4  38 

95  »7  '44  5' 
54  S9  106  36 
45    3  I  H^  4'^ 

171  39     335  44 

15    4  '  "S3S' 

I 

3»r  S3  I     H  37 

30948  j  141  ss 

9  47  I  «3  >i 

■d6  »7  1  177   s 


3451 


309*6 
3>4  15 
355  »9 


'59  55 


35 1  U 
'59^5 


jS8  38  I 
315  >8  I    6fi 


13a  9 

'37  S> 

4440 

3484' 

^56  59 

10546 

H'7 

ai)  17 

85  4' 

..,.. 

"857 

1856 

11749 

5" 

>SS55 

'    S 
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fl 

fl 

Period. 

Semi- 
Mi^or. 

App. 
opp. 
Star 
Mag. 

Epoch. 
Berlin  M.  T. 

Calculator. 

m 

Te«n. 

0'>=i. 

0-1683 

625 

5-68 

3-183 

12*1 

1888,  Aug.  140... 

Neugebftuep. 

0.2363 

770 

4*60 

2*769 

12.4 

—     Jan.  7*0    ... 

lUchtep. 

0*0430 

919 

3.86 

2*461 

12*0 

1887,  App.  22.0  ... 

Bepbepich. 

0-1132 

693 

5" 

2.971 

115 

1 886,  June  26*5... 

H.  Oppenbeim. 

0.1672 

789 

4-51 

2725 

13-3 

1888,  BfAy  26K)... 

Opoeben. 

0.2193 

644 

5-5" 

3-I2I 

"•5 

1887,  Oct.  19*0  ... 

DeBalL 

0-1884 

945 

376 

2.416 

11.0 

1888.  Nov.  22-0... 

Samtep. 

0-35" 

757 

469 

2*801 

12*6 

1878,  Miff.  2*5   ... 

Douner. 

0.0680 

624 

569 

3186 

12*4 

1885,  June  IIK)... 

Thpaen. 

0.1255 

782 

4-53 

2-740 

io*4 

1888,  May  26.0  ... 

Groeben. 

0-1503 

978 

363 

2362 

11*4 

—    Jan.  7.0    ... 

Tietjen. 

0.2405 

788 

452 

2-727 

11.4 

1887,  Apr.  2*0    ... 

A.  Leman. 

0.2173 

749 

4-74 

2*821 

13-0 

1878,  July  5'5    ... 

A.  Leman. 

0-0369 

925 

384 

2-45" 

"•5 

1885,  July  1.5    ... 

H«  Oppenheam. 

0-1622 

453 

783 

3-944 

12*0 

1887,  Dec  i8k>  ... 

Kttstner. 

0.0863 

719 

4-94 

2898 

12*0 

1886.  Apr.  7*0    ... 

L.  Becker. 

0.2447 

952 

3-73 

2-403 

9-3 

1888,  July  25.0... 

Lange. 

0.2854 

858 

4.14 

2-57<» 

12*2 

1879,  Mar.  25*5... 

0.2375 

838 

4-23 

2*618 

10.5 

1888,  June  15-0... 

l^etjen. 

0.0417 

727 

4.89 

2.878 

12*3 

—     Feb.  i6k)  ... 

Tietjen. 

0*0125 

645 

550 

3-116 

10*3 

1887,  Oct.  19.0  ... 

Hetjen. 

0-1617 

783 

4-53 

2-739 

12*7 

—    Feb.  21.0  ... 

Lange. 

0*2261 

920 

3-86 

2.460 

11*1 

1888,  Nov*  220... 

0-1704 

626 

5-67 

3-179 

124 

1887,  Dea  i8k>  ... 

Hetjen. 

0.1337 

784 

4-53 

2-737 

IIK) 

1888,  July  ^5.0... 

Oroeben. 

0.1785 

809 

4-39 

2*679 

11*9 

—    Nov.  2«o  ... 

Riobtep. 

0*0964 

657 

540 

3-078 

10*7 

—     BfAy6K>    ... 

Bepberiob. 

0-0593 

784 

4-53 

2-736 

11*7 

—    Sept.  23.0... 

Bepberiob. 

0-1719 

812 

438 

2*672 

12*0 

1886,  Feb.  26*0... 

A.  Palin. 

0-0334 

766 

463 

2-779 

12*7 

—     Feb.  26.0  ... 

KUitnep. 

0.0407 

782 

4-53 

2-740 

12*0 

1887,  Juno  21*0... 

Stecbept 

0-0288 

1028 

3-45 

2*284 

118 

1888,  Apr.  16*0 ... 

Riobtep. 

o*oi6o 

722 

4.91 

2891 

12*1 

—     Aug.  I4K>... 

Bepbepiob. 

0.0659 

636 

5-58 

3-M4 

11*6 

—     App.  16*0  ... 

Groeben. 

0-1239 

790 

450 

2.732 

»2  5 

—     Nov.  2*0  ... 

Bepbepich. 
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KaoM. 


IfloldA    , 
Medea  , 

Aicheni 
(Enone 


Dboorared 


oo 


Cleopatara  ... 
Eudora  ...., 
Bianca  .... 
Thasnelda... 
Stephania ... 


Eos , 

Lucia 

Bosa 

Ooeana  .... 
Henrietta ... 

Weringia  ... 
PhiloBophia 

Agathe 

Adelinda  ... 
Athamantii 

Yindobona 

Russia   

Asterope  ... 

Barbara 

Carolina    ... 


Honoria. 


Oslestina  ... 

Uypatia 

Adrastea  . . . 
Yanadifl    ... 

Germania  ... 
Kriemhild... 

Ida 

Sita    

Vera  


1879,  Dec.  10 

1880,  Feb.  6 

—  Feb.  16 

—  Marchi 

—  April; 

—  April  13 
^    Aug.  30 

—  Sept.  4 

—  Sept.  30 

1881,  Bfay  19 

1882,  Jan.  18 

—  Feb.  9 

—  March  9 

—  Mar.  30 

—  April  19 

—  July  19 

—  Aug.  12 

—  Aug.  19 

—      Aug.  22 

—  Sept.  3 

—  Sept.  10 

1883,  Jan.  31 

—  May  Ti 

—  Aug.  12 

—  Nov.  28 

1884,  April  26 

—  June  27 

—  July  I 

—  Aug.  18 

—  Aug.  27 

—  Sept  12 

—  Sept  22 

—  Sept,  29 

—  Oct.  14 

1885,  Feb.  6 


PlOisa 

PaUsa 

C.H.F.Peten 

Palisa 

Knorre    


CoggiM 

Palisa. 

PaUsa, 

Palisa 
Palisa 
Palisa 
Palisa 
Palisa 


Palisa 

Paul  Henry... 

Palisa 

PaUsa 

DeBaU  


Palisa 


Palisa 

Borrelly 

C.H.F.Peters 
Palisa 


Palisa 


Palisa  ... 
Knorre 
Palisa  ... 
Borrelly 


Luther. 
Palisa. 
Palisa  . 
PaUsa  . 


Pda  

Pola  

CUnt(m,U.& 

Pda  

BerUn    


PoU  

ManeiUes. 

Pola  

Pola  

Vienna  ..., 


Vienna 
Vienna 
Vienna 
Vienna 
Vienna 

Vienna 


Paris I  225  55 


75*8 

5647 

28a    5 

108  17 
343  «7 

3a    4 

314^4 
230    9 

340  »7 
333  35 

33034 
25733 
104  3 
269  30 

29936 
285  19 


Vienna  .... 
Vienna  ... 
Bothkamp, 


Vienna 


Vienna  

MarseiUea.... 
CUnton,  U.S. 
Vienna 


Vienna 


Vienna  ...< 
BerUn  ... 
Vienna  ..., 
MarseiUes 


Dttsaeldorf. 
Vienna  .... 
Vienna  .... 
Vienna  .... 


Pogson Madras 


32923 

333  37 
1644 

253  a2 
200  25 
34422 

333  53 
269  40 

35658 

28155 
29  12 

26    5 

51  64 

341    o 

123    2 

7241 

13    6 

37^3 


8 


265  14 

315  6 
122  23 

34*33 
25  ao 

21553 
164    I 

17056 
200  52 
258  26 

14239 
80  17 

49  5 
353*4 
20046 

1 35  34 
33056 
313  18 

3048 
23940 

35251 

15a  34 
222  29 

144  12 
6633 

186  29 

8436 

18433 
181  49 

115    o 

27a  ai 
20758 
326  ao 
20837 
62  I  a 


o    » 

4>7 
647 

M3 

13  » 
1017 

15" 

JO  47 

734 

10  51 

2  II 

159 

5  5> 
2043 

1549 
9»5 

2  23 
2  10 

9  26 
510 

6  4 

7  39 
'5" 

9   4 

7  37 
9  47 

12  23 

6   8 
2   6 

531 

II  17 

I  10 

250 

5>« 
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fl 

l» 

Ftorlod. 

Semi- 
axil, 
MiS)or. 

App. 

s^ 

Mag. 

Epoch. 
Berlin  M.T. 

ff 

T«VB. 

©■'  =  1. 

0.1564 

666 

5-33 

3049 

"•5 

1887,  July  II.O... 

A.PaUw. 

o-iioS 

646 

5-49 

3*113 

13-3 

1888,  Aug.  14PO... 

L.  Becker. 

0.1438 

776 

4-57 

a-754 

II.7 

1887,  Dea  18.0 ... 

A.  Leman. 

00317 

841 

4.33 

2-613 

I3.I 

1886,  Sept  140... 

L.  Becker. 

0^359 

771 

4.60 

3.766 

138 

1888,  Jml  7.0    ... 

Oroeben. 

0.3507 

760 

467 

3.794 

lO-I 

1886,  Jnne  36.0... 

Knopt 

0-3093 

730 

486 

3.868 

I3-I 

1888,  Mm-.  7k>  ... 

Richter. 

0-1164 

814 

4-37 

3.667 

"•3 

—     May  36.0... 

Groeben. 

0-3341 

983 

3*6 1 

a-354 

II-3 

1884,  Nov.  33.0... 

Darmer. 

0.3571 

985 

3-6o 

a-350 

13-^ 

1887,  J^n.  0.5    ... 

Bidachof. 

0-1038 

679 

523 

3-OII 

II-3 

1888,  Apr.  16.0  ... 

Groeben. 

0.1475 

643 

5-54 

3"7 

12.9 

—     Apr.  16*0... 

Berberioh. 

0.1179 

651 

5-45 

3-098 

133 

—     K*y6.o    ... 

Groeben. 

0^)435 

835 

430 

3.644 

1 1.7 

1887,  July  1 1.0  ... 

S.  Oppenheim. 

0.3650 

566 

6.37 

3-398 

12-7 

1884,  Dea  16.5  ... 

Cerulli. 

0.3033 

793 

4-47 

2-715 

13.0 

1887,  Nov.  38.0... 

Kreuts. 

0.3099 

^39 

5-53 

3137 

12.9 

1888,  Sept  33.0... 

Lange. 

0.3405 

1087 

3-26 

3.301 

»4'7 

1883,  Aug.  34.5... 

Kreuts. 

O.I518 

S«4 

6-39 

3406 

13-5 

1888,  July  5.0    ... 

Berberioh. 

0.1659 

965 

3-68 

3.383 

10.3 

—     Mat.  7.0  ... 

Richter. 

0-1507 

710 

4-94 

3.933 

12.4 

1887,  July  31.0  ... 

Lange. 

0.1747 

870 

408 

a-55a 

*3-4 

—     Apr.  3.5    ... 

Hen. 

0.0996 

817 

4-34 

3-663 

"•3 

—     Apr.  3.0  ... 

Knopf. 

0-3438 

963 

369 

3.386 

11.7 

—     Nov,  8.0  ... 

Tietjen. 

0.0573 

7^5 

4.89 

3.88s 

12.3 

—     Aug.  30-0... 

Tletjen. 

0.1893 

758 

4-68 

3.799 

114 

1885,  July  33.5  ... 

BidKhoU 

0.0743 

773 

4-59 

3.763 

138 

1887,  Jan.  13.0  ... 

Oppolaer. 

OK>863 

7«4 

4-97 

3.91 1 

117 

1888,  May  360  ... 

Berberioh. 

0.3384 

689 

5->5 

3.981 

14.3 

—     May6K>    ... 

Berberioh. 

0.3065 

815 

436 

3.666 

13.5 

1884,  Nov.  10  5 ... 

Saint-Blancat 

0-0999 

665 

5-33 

3-053 

114 

1888,  May  6.0    ... 

W.  Luther. 

0-I3I8 

733 

4.84 

3.863 

13*6 

1884,  Sept  365... 

Herz. 

0-0430 

733 

4-84 

3.862 

133 

1887,  Jan.  1-5    ... 

Herz. 

0.1374 

1 106 

3" 

a-i75 

137 

—     Sept.  9.0  ... 

Berberioh. 

0-15)60 

649 

5-47 

3-104 

12.5 

—     Biay  3-0   ... 

Saint-Blanoat 

G68 
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No. 


Kame. 


DisooTered 


Aspoiinft    •«. 
Enkrate     ... 

LameiA 

Dae    

Bettina 

SopMa   

Clementma 
MatMlde  ... 
Augusta    ... 
Oppnvia 

Walpurga... 

Sileda   

Tyche    

Aletheia    ... 
Huberta    ... 

Prymno 

Valda 

Dresda  

LibuBsa 

Anna. 

Aline 

Tirza 

Adorea 

Justitia 

Anabita 

Penthesilea 

Antonia 

AtropoB 

Philagoria . . . 
Sapieniia  ... 

Adelheid   . . . 

Elvira    

Paulina 

Thule 

Philia 


on 


1885,  Mar.  6 
*-  Mar.  14 

—  June  5 

—  Aug.  16 

—  Sept.    3 

—  Oct.  4 

—  Oct.  II. 

—  Nov.  12 

1886,  Mar.  31 

—  Mar.  31 

—  Apr.  3 

—  Apr.  5 

—  May  4 

—  June  28 

—  Oct.  3 

—  Oct.  31 

—  Nov.  3 

—  Nov.  3 

—  Dec.  17 

1887,  Feb.  27 

—  May  17 

—  May  27 

—  June  9 

—  Sept.  21 

—  Oct.  8 

—-  Oct.  13 

1888,  Feb.  4 

—  Mar.  8 

—  April  3 

—  April  15 

—  April  17 

—  May  3 

—  May  17 

—  Oct.  25 

—  Oct.  29 


by 


Borrelly 

Luther 

Palisa 

C.H.F.PeterB 
Palisa  

Palisa 

Perrotin  

Palisa  

Palisa  

Palisa  

Palisa 

Palisa 

Luther 

C.H.F.Peters 
Pallia 

C.H.F.Peter8 

Palisa  

Palisa  

C.H.F.Peter8 
Palisa 

Palisa 

Charlois  

Borrelly  

PaUsa 

C.BLF.Peters 

Knorre    

Charlois  

Palisa  

Palisa 

Palisa 

Palisa  

Charlois  

Palisa 

Palisa  

Palisa 


at 


Marseilles.... 
Dtisseldorf.... 

Tienna 

ainton,  TJ.S. 
Yienna 


Yienna 
Nice  ... 
Yienna 
Yienna 
Yienna 


Yienna , 

Yienna 

Ddsseldorf..., 
Clinton,  TJ.S. 
Yienna , 


ainton,  XJ.S. 

Yienna 

Yienna 

Clinton,  U.S. 
Yienna 


Vienna  

Nice  

MarseiUee.... 

Yienna 

Clinton,  U.S. 


BerHn 
Nice  ... 
Yienna 
Yienna 
Yienna 

Yienna 
Nice  ... 
Yienna 
Yienna 
Yienna 


256    6 

5340 
249    6 

1357 

88    7 

77  47 

355    a 

33343 
258  19 

162    8 

228  48 
6516 

359*7 
33949 
33617 

25948 
60  29 

II  40 

2429 

226    8 

3351 
26467 

18449 

37538 
33550 

2832 

28458 
212  48 
162  52 

iao33 

22448 

29849 

9656 


a 


0  ' 


162  35 1 15  38 

o  20    35  9 
24637     4  I 

334  48     9  41 
26   9    12  571 

157  20  i  10  26 
203  23  •  10  I 

180   6     637 


28  13 
14   6 


4  37 
934! 


18343    13  <5 


3530 


340 


207  41 ;  14 14 

8834 
16847 


96  20 

3843 
31755 

50    8 

335  39 

336  18 
74    8 

121  49 
157  30 


1043 

616 

! 

335 

/  45 

117 

1027 

3545 

13  20 
6   2 

3  J5 


5^5 


354  43      3  30 


337    7 

15850 

9338 

13456 


3  35 

»0  45 
341 
448 


211  39    3144 


62  24 

75" 
1056 


7»9 
2  23. 

Id 
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App. 

' 

PMlod. 

Ull, 

1UJ«. 

£ 

bJJ^>. 

(UoulUor. 

■ 

Tim. 

e'i=i. 

0-1050 

80) 

+43 

1495 

1 1-7 

18S5,  Apr.  18.5  .. 

A  doysr. 

o.,406 

781 

4-63 

1.740 

tio 

1887,  Sept.  19.0.. 

Ung^ 

0.0657 

914 

3-89 

1.471 

13-0 

.888,  Jib.  17.0,. 

o-ii6i 

967 

3<6 

*-379 

13-6 

—     M»y6.o    .. 

o-i»8s 

«M 

5-60 

3-«S3 

11.7 

.885,  Dm.  8.0    .. 

0-1071 

645 

5-47 

3«'S 

.3-6 

—     Nov.  lo.j,. 

KBOpf. 

»o834 

614 

s*> 

3>53 

13-0 

—     Oct.  30-5  ., 

■Ketjcn. 

o-»6» 

834 

4-Ji 

1-647 

13-4 

1888,  Jm.  7.0    ., 

Lebeaf. 

o.m6i 

1086 

3->7 

1-101 

13-4 

.886,  Apr- 1-5    ., 

Schww. 

<«830 

779 

4-S6 

1.748 

.3-8 

—    M«r.  3>-5  -. 

Barbarieh. 

o«?40 

680 

5-" 

3010 

I3» 

-    Janoi-s    ... 

o-m7 

«44 

S-5' 

31.9 

.1-8 

—    Apr.  s-5 

e-io6j 

837 

4-84 

1-610 

.i-i 

1887.  July  ji-o... 

St«ohart. 

0.1 1 70 

638 

S-S4 

3"39 

11.. 

l886,JnIy..5    ... 

UrtjeD. 

0-1103 

54B 

6-48 

3-47S 

13-9 

—    Oct  4-5 

0^7 

997 

3S6 

»-3Ji 

"■9 

18B7,  Jm.  .1.0... 

UDgC. 

0-1133 

873 

4^ 

»-S47 

"4-< 

18B6.  Nov.  6-s    ... 

008.4 

7*4 

4-90 

)-8Bs 

'3-3 

—    Not.  13.0  ,. 

h^gt. 

».S8o 

77' 

4-6i 

1.767 

.1-. 

.887,  J«.  .5    - 

MUlowtrich. 

0.1616 

941 

377 

1-411 

13-8 

-     Apr.  17.5  ... 

Barbuioh. 

o-'iM 

754 

4-75 

1-838 

'3-S 

-     M.ri7.5... 

I-ng.. 

0*978 

768 

4.61 

*-774 

U-o 

—     Jane  15.5... 

Cb»MiM. 

0.1179 

65s 

S4» 

3-083 

ii-S 

1SS8,  Aug.  14-0... 

PHTUh. 

0-1M3 

838 

4»3 

1.617 

I3-0 

1887.  Nov.  ii-s... 

BMtarich. 

O.I44I 

.096 

3M 

1.88 

.1.1 

-     Oct.n.5  ... 

I-ng«. 

0-tO]l 

6S1 

516 

3004 

11-7 

1 3-S 

—     Nov.  .40... 

Knopf. 

0-1446 

974 

3-64 

1-368 

.888,  Mw.  9.5   ... 

L«««. 

O.I164 

668 

E-3' 

3-043 

11-8 

-     Apr.  3-5    ... 

IdDge. 

»I656 

769 

4-6. 

1.77. 

ii-i 

-     Apr.  .5-s  ... 

l-ngc. 

0.06s. 

S44 

S-Si 

3110 

il-S 
I3-0 

—     Apr.  17-s... 

L«.g». 

0..106 

786 

4'S' 

a.731 

"-3 

-      M.J.6.S... 

I-ng..- 

o-io8o 

405 

8.76 

4'47 

ll-O 

—     Oct.  16-5  .- 

U»g.. 

0.1374 

691 

S-'3 

1.971 

14.0 

-     Oct.  ,9.5... 

Ui4t»- 

670 
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an 


LncntU    .. 


1888,  Oet.  31 

18S9,  J<^  '^ 
—    Feb.  8 


l»y 


P«Um.. 
Cbarloii 
Cbarldf 


Q 


YieuBft 
Nice  ... 
Nice  ... 


o         / 


4556 


o         / 


0     t 


31    O      519 
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Period. 


0-1328 


1096 


Semi- 

axia, 

M^or. 


a.i88 


App. 
opp. 
Star 
Mag. 


I2*0 


Ber 


Epoch. 
irlLn  M.I 


1888,  Oct.  31-5 


Qdcolator. 


Lange. 


INDEX. 


^*^  This  Index  w  designed  for  wfe  tk  connexion  wUh  the  TahU  of  Conienis, 

It  is  not  complete  hif  itself. 


Aberration  of  light,  page  380. 
Acceleration,  lecolar,  of  the  Moon**  mean 

motion,  lai. 
Aerolites,  589. 
iEthra,  165. 

Agathocles,  eclipse  of,  334. 
Almanac  (Nautical),  355. 
Anagram  on  Venus,  105. 
Anahita,  165. 
Andromache,  165. 
Anntial  Equation  of  the  Moon,  lai. 
Annular  edipses  of  the  Sun,  a6j ;    of 

March  1858,  391. 
Aphelion,  57,  61. 

Aphelion  distances  of  comets,  57,  382. 
Apsides  of  the  Earth's  orbit,  their  annual 

motion,  no. 
Areas,  equal,  Kepler's  law  of,  57,  58. 
Ariel,  247. 

Aristarohns  (Lunar  mountain),  i  a6. 
Ascending  node :  of  planetary  orbits,  57; 

of  oometary  orbits,  a8a. 
Asteroids.    See  Minor  Planets^  164. 
Atmosphere,  refraction  of,  272 ;    lunar, 

128. 
Aurora  Borealis,  and  spots  on  the  Sun, 

3iy  35 ;  vibrations  in  comets'  tails  re- 
sembling, 412. 

BaOy's  beadtt,  277. 
Barnard's  Comet,  427. 
Barometer,  use  of,  in  determining  refrac- 
tion, 389. 
Belgrade,  siege  of,  331. 
Belts  of  Jupiter,  174;  of  Saturn,  205. 
Bergeron's  experiment,  125. 
Bestiary,  116. 
Bible  allusionfl  to  comets,  conjectured, 


333- 


Bible,  references  to — 

Oen.  viii.  as 374 

Lev.  xvii.  7 490 

Isaiah  xiv.  la     ....    490 

Jer.  i 553 

S.  Jude  13 490 

Bev.  xii.  3 490 

Biela's  comet,  408,  430,  631. 

Bode's  (so-called)  law  of  planetary  dis- 
tances, 67. 

Bore  (tidal  phenomenon),  371. 

Brorsen's  comet,  42$, 

Burmese  enumeration  of  the  planets, 
346. 

Callisto,  185. 

Calorific  rays  of  the  Sun,  7  ;  of  the  Moon, 

138. 
Camilla,  166. 

Catalogue  of  aerolites,  59a  :  of  calculated 
comets,  511 ;  of  recorded  oomets,  550; 
of  edipses,  334. 

Ceres,  165,  166,  167. 

Charts  of  the  Moon,  139. 

Chepstow,  tides  at,  368. 

Chromosphere,  5  a. 

Coma  of  a  comet,  399. 

Comets,  395 ;  periodic,  415  ;  remarkable, 
446 ;  statistics  of,  48  a ;  historical 
notices,  487  ;  catalogues  of,  511,  550. 

Comparative  siaes  of  the  Sun  and  planets, 

631  64.  ^5- 
Conjunction  of  the  planets,  68. 

Constant  of  aberration,  381. 

Copemican  system,  7a. 

Copernicus  and  Mercury,  91. 

Copernicus  (Lunar  mountain),  ia8. 

Corona  in  edipses  of  the  Sun,  53,  a8o, 

.305.  309  3"- 


-\  X 
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Index. 


D*AxTe8t*8  oomei,  427. 

D»y,  length  of,  115. 

Denning's  oomei,  430. 

Bensiiy  of  tlie  Sun,  5 ;  of  the  pUnets,  68. 

See  also  the  several  planets. 
Diameter  of  Son  and  planets,  653.    See 

also  the  serend  planets. 
Digit,  explanation  of,  a66. 
Dike,  166. 

Dione,  233,  234,  235. 
Diurnal  ineqoi^ty  of  the  tides,  365. 
Di  Vice's  oomet,  433. 
Donati*s  great  comet,  57,  64,  448. 
Draconic  period,  264. 


Earth,  3,  107. 

Earth-shine,  135. 

Eclipses,  genenJ  oatlines,  a6o;  Catalogue 
of,  334;  of  the  Sun,  a6i,  370;  of  July 
1851,  a86,  313  ;  of  March  1858,  391 ; 
of  July  i860,  295,  313;  of  Aug.  1868, 
304 ;  of  Aug.  1869,  307,  313  ;  uf  Dec 
1870, 308, 313 ;  of  Dec.  1871, 309, 313; 
of  April  1874,315;  of  April  1875,  315; 
of  July  1878,  316 ;  of  May  1883,  317  ; 
of  May  1883.  318;  of  Sept.  1885,  318; 
of  Aug.  1886,  319;  of  Aug.  1887,320; 
historical  notices,  331 ;  of  the  Moon, 
326;  of  J upiter*s  satellites,  186. 

Ecliptic,  Obliquity  of,  109;  variation  in, 

374- 
Egyptian  system,  72. 

Elements  of  a  planetary  orbit,  58 ;  general 
summaries  and  tables  of,  651  et  seq. ;  of 
a  cometary  orbit,  403. 

Ellipse,  61,  401. 

Elongation  of  planets,  55. 

Enceladus,  232,  233,  234. 

£ncke*s  comet,  64,  89,  416. 

Ensisheim  a<$roIite,  594. 

Equation,  Annual  of  the  Moon,  121. 

Equinoxes,  109;  precession  of,  374. 

Establishment  of  the  port,  364. 

Europa  ^satellite  of  Jupiter),  185. 

Evection  of  the  Moon,  1 20. 


Facule,  solar,  45. 

Faye*s  comet,  429. 

Fides.  166. 

Finlay's  oomet,  428. 

Fireballs,  601. 

Flames,  Red,  282.     8ee  Red  Flames, 

Foucault's  Pendulum  experiment,  112. 


Ganymede,  185. 

Georgium  Sidus,  name  proposed  for 
Uranus,  243. 

"Girdle  of  the  sky/'  116. 

Granules,  solar,  50. 

Gresham  College,  Hooke*s  place  of  obser- 
vation, 383. 

Halley*s  oomet,  437. 

Harvest  Moon,  135. 

Heat  rays  on  the  Moon,  138. 

Hencke*s  seardi  for  Minor  Planets,  168. 

Hilda,  165,  166. 

Hindu  astronomy,  307,  271. 

—  celebration  of  an  edipee,  371. 
Horizon,  383. 

Horizontal  parallax,  384. 
Hunter*s  Moon,  136. 
Hygre  (tidal  phenomenon),  371. 
Hyperbola,  properties  of,  a8i,  283. 
Hyperbolic  comets,  368. 
Hyperion,  333,  334. 

lapetus,  333,  357. 

Inclination  of  the  ecliptic,  374. 

Indian  astronomy,  371. 

Inequality,  parallactic,  of  the  Moon,  1 20 ; 

diurnal,  of  the  tides,  365. 
Inferior  planets,  54. 
Intra-Meronrial  planets,.  81. 
lo  (satellite  of  Jupiter),  185. 
Iron,  meteoric,  590. 
Ismene,  165. 

Juno,  166,  167. 

Jupiter,  173. 

Jupiter*8  influence  on  comets,  401,  439. 

Kepler*s  laws,  57 ;  the  Ilird,  59,  77. 

—  Rudclpkine  Tables,  345. 
Kirkwood*s  coincidences  with  respect  to 

the  satellites  of  Saturn,  338. 

"  Ladye's  way,"  117. 

Lagging  of  the  tides,  365. 

Larissa,  eclipse  of,  333. 

Le    Verrier*s  investigations    into    the 

theories  of  the  Planets,  3. 
Lexell*s  comet,  400. 
Libration  of  the  Moon,  119,  137. 
Light,  aberration  of,  380;  progressive 

transmission  of,  197 ;  velocity  ot  380. 
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Limitfl,  ediptio,  363. 

Logogriphes  on  Venus,  105  ;  Saturn,  307. 

Lnenli,  solar,  46. 

iMmihrt  oendree  on  the  Moon,  135 ;  on 

Yenui,  loi. 
Ljdia,  166. 

Magnetittm,  terrestrial  and  solar  fipot?,  38. 

Magnitude  of  the  solar  system,  63. 

Maia  (minor  planet),  166. 

Maps,  Berlin  SUr,  168. 

liars,  2,  3, 148. 

r—  observations  of,  for  solar  parallax,  2. 

Masses  of  the  Sun,  5 ;  of  the  planets,  65  3 ; 

of  oomets,  400.  See  the  several  planets. 
Massilia,  165.* 
Medium,  resisting,  419. 
Medusa,  165. 
Mercury,  86. 

Meteoric  Astronomy,  589. 
Mimas,  333,  333,  337. 
Minor  planets,  164 ;  table  of,  654. 
Moon,  118. 

Moonlight,  brightness  of,  138. 
Motions  of  the  planets,  54. 
Mountains,  suspected,  on  Venus,  99 ;   on 

the  Moon,  134 ;  suspected  on  Saturn's 

ring,  338. 

Napoleon  Buonaparte,  97,  489. 

Keptune,  353. 

Nodes,  of  the  Moon*s  orbit,  364. 

Nodical  revolutions  of  the  Moon,  364. 

Noonstede  circle,  117. 

Nucleus  of  a  comet,  396. 

Natation,  377. 

Oberon,  347. 

Obliquity  of  the  ecliptic,  109,  374. 

Occultations,  355 ;  of  Jupiter*s  satellites, 

187. 
Olbers's  Periodical  comet,  437. 
Orbits  of  planets  and  their  elements,  58 ; 

of  comets  and  their  elements,  401. 

Pacific  ocean,  tides  in,  368. 

Pallas,  165,  166,  167. 

Parallactic  inequality  of  the  Moon,  1 3o. 

Parallax,  383 ;  horizontal,  of  the  Moon, 

384 ;  solar,  3,  385. 
Pendulum  experiments,  1 1 3. 
Penumbra  (of  a  solar  spot),  8. 
Perigee  solar,  its  motion,  no. 


Perihelion,  longitude  of,  58,  403 ;  dis- 
tances of  comets,  484. 

Periodic  comets,  415. 

Periodicity  of  shooting  stars,  640. 

—  of  fireballs,  613. 

Periods  of  the  planets,  651 ;  of  comets, 
400. 

Perturbations  of  Uranus  by  Neptune,  156. 

Phases,  of  an  inferior  planet,  55 ;  of  Mer- 
cury, 86 ;  of  Venus,  94 ;  of  the  Moon, 
119;  of  Mars,  149;  of  Jupiter,  174; 
of  Saturn's  rings,  a  1 7,  336 ;  of  a  comet, 
409. 

Philomela,  165. 

Photometry  of  the  Sun  and  Moon,  7,  8. 

Photosphere,  53. 

Planetoids,  164.    See  Minor  Planet*, 

Planets,  54.    See  the  several  planets. 

Pliny's  opinions  on  the  Tides,  373. 

Plymouth  breakwater,  curious  ooourrenoe 
at,  7. 

Polarisation  of  a  comet's  light,  467. 

Poles  of  Mars,  snow  at  the,  156. 

Pons's  Periodical  comet>  435. 

Precession  of  the  equinoxes,  374. 

Priming  and  lagging  of  the  tides,  365. 

Projection  of  stars  on  the  Moon*s  limb  in 
occultations,  356. 

Prominences,  solar,  383. 

Radiant  points  of  meteors,  640. 

Range  of  the  tides,  364. 

Red  Flames  in  eclipses  of  the  Sun,  1 7, 

383. 

Red  spot  on  Jupiter,  178. 

Resisting  medium,  419. 

Rhea,  333,  334,  337. 

Rice  grains  on  the  Sun,  49. 

Rings  of  Saturn,  3o6. 

Rotation  of  the  Sun,  14 ;  of  the  planets, 

68.     See  also  the  several  planets. 
Rotundity  of  the  Earth,  1 1 1. 

Salamis,  Battle  of,  333. 

Sani  (Hindu  deity),  307. 

Saros,  365. 

Satellites,  of  Mars,  59,  159;  of  Jupiter, 

60,  183 ;  Saturn,  60,  331 ;  Uranus,  60, 

347 ;  Neptune,  358. 
Saturn,  300,  651. 

Schwabe's  observations  on  Sun-spots,  35. 
Scylla,  166. 
Seas,  Lunar,  134 
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Seasoniiy  no. 

Seculur  acceleration  of  the  Moon*8  mean 

motion,  121. 
Shadow  cast  by  Venuf,  94 ;  by  Japiter, 

182. 
Shooting  star?,  608. 
Sirona,  166. 
Sita,  165. 

Snow  on  Man,  156. 
Solstioefl,  109. 
Spectnim  analyiiB,  53. 
^herical  form  of  the  Earth,  proofs  of,  1 1 1 . 
Spots  on  the  San,  8  ;  on  Japiter,  176. 
Stones,  meteoric,  589.     See  A^olUtM, 
Summary  of  facts  c«>noeming  the  planets, 

67  ;  oonoeming  the  calculated  comets, 

482. 
San,  I  ;  statistics  relating  to,  5. 
San-dials  made  by  Sir  I.  Newton,  74. 
Superior  planets,  56. 
Sarfiusee  of  the  Sun  and  planets,  65a. 
Swift's  comet,  426. 

—  alleged  intra-mercnrial  planets,  83. 
Sylvia,  166. 
Synodical  revolations  of  the  planets,  65 1 ; 

of  the  lunar  nodes,  laa. 
Systems  of  the  ani verse,  71. 

Tables,  of  the  major  planets,  651  ;  of 
the  Moon,  140. 

Tails  of  comets,  410. 

Telescopic  meteors,  644. 

Tempel's  Periodical  comets,  424,  426. 

Tethys,  232,  233,  237. 

Thales,  edipse  of,  321. 

Theory  of  Meteors,  626. 

Thermometer,  use  of  in  determining  re- 
fractions, 389. 

Thule,  165. 

Thwart  circle,  116. 


Tiden,  360. 

Titan,  233,  234.  237. 

Titania  (satellite  of  Uranag),  247. 

Total  eclipses  of  the  San,  273,  286,  295, 

303- 
Trabes,  144. 

Trans-Neptunian  planet  (sapposed%  26a 

Transits,  of  inferior  planets,  337 ;  of  Mer- 
cury, 340;  of  Venus,  340,  345;  of 
Jupiter's  satellites,  188;  of  shadow  of 
Saturn's  satellite  TiUn,  238. 

Tnttle's  comet,  430. 

Twilight,  116,392. 

Tycho  (Lunar  mountun),  123. 

Tjrchoido  system,  73. 

Umbriel,  247. 
Uranus,  242. 

Variation  of  the  Moon,  1 20. 

Velocity  of  tidal  wave,  369;  of  light, 

380. 
Venus,  2.  93,  651. 
Vernal  eqainoz,  109. 
Vesta,  165,  166,  167. 
Volume  of  the  Sun,  5 ;  of  the  planets, 

652.     See  also  the  several  planets. 
Vulcan,  75. 


Watson's  alleged  intra-mercurial  planetp, 

82. 
Weather  influences  imputed  to  the  Moon, 

140. 
"  Willow-leaves,"  46. 
Winnecke's  comet,  424. 
Wolfs  comet,  429. 


Zodiacal  light,  142. 


THE  END. 


